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New Westinghouse Jet Set gives you a beautiful picture... 

M 



even when it’s off 


The picturetube doesn't stare back 
at you. And there's no wait for warm- 
up because it's Instant-On’" television. 
Turned on. Jet Set delivers a soft. 


clear, easy-on-the-eyes picture. New 
Memory Fine Tuning lets you pre-tune 
each channel for best picture and sound. 
Set it once — and forget it. 


Turned off Jet Set doesn't even loc 

wJr Se K Ut ° ff0r0n ' it ' s beautifr 
Westinghouse makes a product < 

you II enjoy it-any way you look at' 


You can be sure if it’s Westinghouse 



For information on a career at Westinghouse. an equal opportunity employer 
write L. H. Noggle. Westinghouse Educational Center. Pittsburgh. Pa. 15221. 
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A career at Linde 

is a matter of 



Degrees-temperature as well as engineering -really 
matter at Union Carbide’s Linde Division. 

Linde, a leading commercial producer of industrial 
gases for over 50 years, is now engaged in many diverse 
industrial activities. Heat, cold, pressure, vacuum, and 
engineering talent are the basic creative tools used in 
continuing efforts to develop new products and ad- 
vanced technological capabilities. Temperatures uti- 
lized may run as hot as 30,000°F., to as cold as -452°F. 
This work particularly requires the skills of Mechanical , 
Chemical, Metallurgical, Electrical , and Civil engineers. 

There are excellent opportunities in programs in 
Cryogenics, Plasmas, Flame-Plating, Industrial Gases, 
Electronics, Molecular Sieves, Bio-Chemistry, Crys- 
tallography, and other technical areas. 

You can look forward to a rewarding career in Re- 
search, Development, Engineering, Production, Sales 
Engineering. 

Linde is a nationwide organization with offices, 
plants, factories and laboratories throughout the coun- 
try. Where you work will largely depend upon the work 
you do. 

Research and Development: Linde has four tech- 
nical centers at Buffalo, N.Y., Newark, N. J., Indianapo- 
lis, Ind., and Cleveland, Ohio. 

Production Facilities: Linde operates production 
facilities in nearly every state of the Union. 

General Offices and Sales Offices: Linde’s general 
offices are located in New York City; region sales of- 
fices are located in major cities throughout the country. 

Linde offers a progressive employment benefit pro- 
gram: relocation; Educational Refund Plan for ad- 
vanced study in your field of interest. Promotion from 
within is a basic company policy. If you’d like to know 
more about your opportunities with us, contact your 
College Placement Office. A campus interview can be 
arranged with one of our representatives. Or write to: 
Union Carbide Corporation, Linde Division, Recruiting 
Department, 270 Park Avenue New York, N. Y. 10017. 
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EE, ME, ChE, Physics and Chemistry Graduates 


An exciting growth curve can 
be a tantalizing inducement 
for you to consider a 
company like Xerox. 




What’s behind the curve is even more important. 

The first thing that you will find is that it's made up of 
more than a single line... more than a product line of the 
world-famous office copiers that continue to provide so 
much growth impetus. 

But the closer you look, the more you’ll see of the story 
behind our growth, and the opening chapters of the new 
growth stories ahead for Xerox and its people. 

Now you’re getting to the real reasons why we’re look- 
ing for more new graduates than ever in the history of 
Xerox — more than 400 from the classes of '66 alone. 

In the near term, we forecast an ever lengthening list 
of products and systems for offices, schools and govern- 
ments, on a global scale. Not exclusively new copying ma- 
chines, but also document management systems which 
reduce, consolidate and distribute information, making it 
more readily accessible to the man who needs it. As fast 
as he needs it. These are in our R&D pipelines today. 

In the longer view, the answers will come from our 
deepening studies of graphic communications which em- 
brace the entire spectrum of communications in a graphic 
sense: the formulation, reception, transmission, recording, 
storing, retrieving, processing, copying and presentation of 
any meaningful images. 


„ H- al ,‘ M dS UP t0 growth ’ But irs horizontal as well as 
vertical. More interdisciplinary than most people realize! 

We think it’s the kind of growth that makes opportuni- 
ties like these take on real meaning for the new grad: 

FUNOAMENTAL AND APPLIED RESEARCH (PhD MS or 
BS in the fields of Physics, Chemistry, Optics and Photo- 
graphic, and Engineering Sciences.) Emphasis here is on 
experimentation and imaginative problem solving. 

ENGINEERING (BS, MS in ME, EE, ChE. Also, openings 
for majors m optics, photographic sciences, mathemS 
physics and engineering physics.) Emphasis here is on 
creativity and imaginative problem solving. 

MANUFACTURING (BS, MS in ME, EE IE ChF Ph • 

On^h^'^r/’ ' nvolv H es instrument a t ion , methods eng^ee' 

ing, time study and chemical engineering- cost and nfn 
duction control; quality control.) 8 * nd P °' 

For further information, contact your Placement 
or write directly to Mr. Stephen G Crawford X er0 x Cn 
ration, P.0. Box 1540, Rochester, New York 14603 P °' 
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An Equal Opportunity Employer (M&F) 




You can do something about it. 


You can join IBM. And help shape 
a better world. 

The key is IBM computers. They're 
helping medical researchers learn 
more about cancer and factors 
associated with it. Helping educators 
develop new techniques for instructing 
culturally deprived children. Helping 
engineers plan flood-prevention 
programs. 

Computers are helping to do a lot of 
good things for a lot of people. But 


computers are only tools — they 
can't think. And that's where you come 
in. In your hands, man's most daring 
dreams can become reality — to make 
a better life for more people. 

If that sounds like an exciting 
prospect, it's because it is. A career 
with IBM will give you both personal 
and professional fulfillment. 

Your placement officer can tell you 
about career opportunities with IBM. 
See him, too, for an appointment 
with our interviewers. Before you 
conquer new worlds, try your hand at 
reshaping the old one. 


For more information or if you 
missed our interviewers, write to: 
Manager of College Relations, 

IBM Corporate Headquarters, Armonk, 
New York 10504. IBM is an Equal 
Opportunity Employer. 

IBM 





w HAT ARE YOU SELLING? 



* i ,. L ° st '* sue ' or ? this page, we entered into a little philosophical discussion on ui r 

Motivation for engineering students and the esthetic emotions which imnol tk problem of 

toward his glowing goal of professional excellence. This time let's loosen ou* He^and" 9 ***?" 
words about the greatest little motivator known to modern science - mon ev V d S ° y ° feW 
you wish (although it may be hazardous to your health). ^ SC ' enCe m °" ey - Y ° U mQy smoke if 

• L ® t ' s 1 be h ° nest w , iHl each other / at least for the time it takes to read this nn«o • 
how it feels. The real reason that we go to college is to bluff our wnv tn J ° 96 ' 1 V St to see 

enable us to live in the style to which we would I fke £ ^become" ccusVmed IT ^ Wi " 

degree is a nice little meal ticket and while crass monetary renumeration iT riitMlv 

a reason for academic questing, it does pay the liquor bills. rightfully scorned as 

Have you ever in a moment of temporary sanity, wondered why anyone would be will- 
hire you after your mind has been sufficiently bent to get your first degree? U a 7 '".'"G to 
is your future employer going to expect of you that will justify his handfna ovJa V T miracles 

K ry payday? Just whot commodities ^ b * w -o sentir:[ d ° e k 0 ' P r::^:i“ 

th Y ° ur bo« is 

Economics, humanities and all your technical knowledge P to solve ' M ?f hemat| cs, Physics, 
ability is knowing which question" to answer. An ^ ° f *** 
beats an eight place answer to the wrong question . He's also aoina to he r ^ q f Uesf,on dually 
to communicate to him the answers to his questions. Without^ loqica M^X 9 ^ y ° Ur . abilit y 
velopment the most brilliant of your thoughts will sparkle like a soggy “^ker . " arraf,Ve de “ 

lf you d ^ e '° P the$e q ualiti i es you'll be hired and be payed for your efforts in a rath I 
mg manner. If however yau add a few other tools to your brief case - the abili^vTo ^ f T" 
cisions, to plan thoroughly, to question the accepted/to deal with people in a IV make de " 

to develop an aggressive dissatisfaction with mediocracy - you'll become a Wa X and 

earn so much money you'll be forced ,o find o woma'n fo help y»u speS " e"/° Ur ° Wn 

:r, t e sdi y he mle Ensmeer - Now is ,he ,ime to p— «<* de y ide p : n hfch ;z 


Required reading for this period is Dean Mason's letter "IF" written! TT" 

Speczal Engineers' Week edition. It is reprinted in this issue in the hove th\ 

many students as possible have an opportunity to read this excellent expressT 
one engineer' s philosophy . expression of 


editor-in-chief 

Millard E. Carr 

ASSISTANT EDITOR 

Donald Vespia 

BUSINESS MANAGER 

Norman Hess 


EDITORIAL STAFF 

TECHNICAL EDITORS 

John Saunders 
Thomas Dillon 

EDITORIAL ASSISTANT 

Judith J. Popowsky 

PHOTOGRAPHY 

Lee Young 
Joseph Proctor 

BUSINESS STAFF 

ADVERTISING MANAGER 

Gordon Hoffman 

CIRCULATION MANAGER 

James Corcoran 

ASSISTANT 

Andy Kapust 

ADVISORS 

FACULTY 

Dr. Louis H. Glassman 

GRADUATE SCHOOL 

Douglas Jones 
Jerry L. Edwards 
Rudolph Decatur, Jr. 


Member 

ENGINEERING 
COLLEGE MAGAZINES 
ASSOCIATED 


Chairman 

Professor J. R. Bisset 
Civil Engineering Department 
University of Arkansas 

National Advertising 
Representatives 
Littell-Murray-Barnhill, Inc. 
369 Lexington Avenue 
New York 17, N. Y. 



ARTICLES page 

IF 7 

by Dean Martin A. Mason 

On Atoms and Elastic Constants 

by Tom Tinley 

Engineers' Week 

by Douglas Lowe 

A Modern View of Thermodynamics ^ 

by Jerry L. Edwards 

Diry Ntry: 

by Judith J. Popowsky 

Relaxation Oscillators 

by Ricardo Nieto 


DEPARTMENTS 

Editorial 4 

Mech Miss 

Campus News 

Tech News 3 

Letters to the Editor 36 

The Shaft 40 


COVER 

This month's Mecheleciv cover symbolizes the bursting forth of a young 
engineer. Let's hope he isn t snuffed out. 


Published at the George Washington University by direction of the Engineers' 
Council. Published six times during the school year in October, November, 
December. March, April, and May. Second class postage paid at Washington, 
D. C. Address communications to Mecheleciv Magazine, Davis-Hodgkins 
House, George Washington University, Washington, D. C. 20006, or telephone 
333-0173. 


EXPLORE THE UNIQUE OPPORTUNITIES AT 


National Security Agency 

...where special programs encourage rapid professional advancement 
lor the engineer, scientist and mathematician launching his career. 




NSA is a scientific and technological com- 
munity unique in the United States, perhaps 
in the world. Unique in its mission, its oper- 
ation, its requirements . . . unique, too, in the 
scope of opportunity it affords a young scien- 
tist or engineer beginning his career. 

A separate agency functioning within the 
Department of Defense, NSA is responsible 
for developing “secure" (i.e., invulnerable) 
communications systems to transmit and re- 
ceive vital information. Within this area, which 
encompasses the whole field of cryptology— 
the science of codes and ciphers-NSA project 
teams pursue a broad spectrum of investiga- 
tions taking them well beyond many known 
and accepted boundaries of knowledge. Be- 
ginning with basic research, these investiga- 
tions progress through applied research, 
development and design, prototype engineer- 
ing, and on into various phases oi applications 
engineering. 

At NSA you might specialize in any or sev- 
eral of these sectors, depending on your 
talents and special interests: 

ENGINEERING. Antenna/transmitter/receiver 
design . . . high speed computers (digital and 
analog) . . . transistor circuitry . . . advanced 
radio communications techniques . . . micro- 
wave communications . . . audio and video 
recording devices . . . cryogenic studies and 
applications . . . integrated circuitry . . . mi- 
crominiaturization. 

PHYSICS. Solid state (basic and applied) 

. . . electromagnetic propagation . . . upper 
atmosphere phenomena . . . superconductivity 
and cryogenics (Ph. D. graduates only). 

MATHEMATICS. Statistical mathematics . 
matrix algebra . . . finite fields . . . probability 
. . . combinatorial analysis . . . programming 
and symbolic logic. 

Unequaled Facilities and Equipment 

In a near-academic atmosphere, NSA scien- 
tists and engineers enjoy the most fully-instru- 


mented laboratories and use of advanced 
computer and other equipment, some found 
nowhere else in the world. 

Skilled clerical and technical support will 
free you to concentrate on the most challen- 
ging aspects of your projects, and thus help 
speed your professional growth. 

Outstanding Colleagues 

You will work alongside people of enor- 
mously varied backgrounds and intellectual 
interests, over 500 of whom hold advanced 
degrees. 

Researchers at NSA also receive constant 
stimulus from outside the agency. To assist in 
certain program areas, NSA often calls on 
special boards of consultants-outstanding 
scientists and engineers from industry and 


academic centers as well as from other gov- 
ernment agencies. 

Career Development Opportunities 

Your professional growth and earning power 
expand from the day you join NSA, without 
having to accumulate years of “experience." 
NSA career development is orderly and swift; 
substantial salary increases follow as you as- 
sume more and more responsibility. 

A number of NSA career development 
programs help shorten the time when you 
can contribute at your maximum potential. 
These programs include: 

ADVANCED STUDY. NSA's liberal graduate 
study program affords you the opportunity to 
pursue part-time study up to eight hours 
each semester and/or one semester or more 


of full-time graduate study at full salary. Near 
ly all academic costs are paid by NSA, whose 
proximity to seven universities offering ; 

" ea '' h °. f adyanced curses and seminars it 
an additional asset. 

in-house TRAINING The new NSA em- 
ployee first attends a six-week general orien- 
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by encouraging participation in professional 

national meetings, seminars and conferences 
as well as visit other research facilities where 
related work is underway-government, uni- 
Sutes industrial— throughout the United 

Location Per,onnel ""‘cte. Attr.ctta. 

NSA policies relating to vacations, insurance 
and retirement are fair and liberal. You enjoy 
he benefits of Federal employment withTut 

ocaTeT'h ,° f ° Vil SerViCe -rtification 
Located between Washington and Balti- 

-ore, NSA is also near the Chesapeake Bav 
ocean beaches, ski resorts and other popular 
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Dean Martin A. Mason 


"IF” 

There is a pleasant fantasy in which one some- 
times indulges as the years grow fat and the 
energies lean -- it is the "IF" game. You know 
it as, "If I were rich — ", or "If I were smart — 

At my age it has to be "If I had it to do over — 
"If" is a fantasy with a certain reality deriving 
from revelation of what might have been. But 
that makes the game a little different from pure 
day-dreaming, and as a result some benefit in- 
frequently comes from the playing of the game. 
There is one little bias in the rules though — 
always the game is played with hindsight, and the 
more hind the clearer the sight. 

So -- here goes — and if I am changed in your 
eyes after the reading, you will at least know 
more than you did before the reading, and may 
yourself be bigger or smaller someday than if 
you had not read. 

If I had it to do over — I would be an engi- 
neer. In my thirty -five years of being an en- 
gineer, since I left G.W.'s hated walls of green 
paint without attending convocation to receive my 
B.S.E., satisfactions have far exceeded disap- 
pointments, in accomplishment, in money, and 
in status. I am today more convinced than ever 
that ultimately it will be engineers who will solve 
mankind's problems. People are fine, I like 
them, but engineers are special — in their out- 
look, attitudes, commitment, and dreams. I'm 
proud to be an engineer. 

If I had it to do over -- I'd be different in my 
approach to my responsibilities in society. I 
think I would raise my voice oftener and louder 
against society's simple-minded ignoring of facts 
when facts might require society to sacrifice 
comfort, or convenience, or profit, or position. 

I know I would be more active in supporting my 
conviction that government, at any level, is too 
important to be left exclusively to politicians and 
pressure groups, and must include more engi- 
neers. My concern now is that too often, because 
I felt some ignorance, I didn't take a stand when 
it might have made a difference only to discover 
that my ideas could have been a contribution. As 
an engineer I'd recognize better that it is my duty, 
not theirs, to find ways to make others see and 
use my special talent. Let's get off this subject 
— I'm getting uncomfortably close to believing 
others are right in saying engineers are self- 
centered, and I know now they must not be. 

If I had it to do over — I'd be a different stu- 
dent than I was. I'd search diligently for ways to 
find out more about more things than I did. I'm 
sure I would rebel against the professor who re- 
peated the text in class or considered my assumed 
brains to be a sponge, or who didn't make me 
think whether I wanted to or not, or who didn't 
treat me as responsibly as he demanded I treat 
him. (Incidentally I know now the secret way to 
rebel — I'd quietly learn more on my own about 
the subject than he knew and then start discus- 
sion in class.) I think I would have more concern 
for what I knew and was learning than for the 
grades I would get. As a fact I don't remember 
a single grade in any course I ever took and no 
one has asked me since graduate school except 
once a consulting client implied (incorrectly I 


hope) I had gotten an F in calculus when I didn't 
explain clearly the differential equation in the 
report I sent him. I think I would be much more 
concerned about organizing intelligent informed 
appraisals for argument before constituted au- 
thority. I know now I should have stood up and 
been counted when I "knew" I was right, and taken 
my bumps when I was proved to be wrong, be- 
cause thus I would have learned earlier and with 
fewer bruises that it isn't enough to "know" I am 
right, I have to be able to prove I am right. I'm 
sorry I didn't expend more effort to imprint 
more of me on my schools through activities and 
through doing things I believed needed to be done. 

If I had it to do over -- I would ration the time 
devoted to technical things, so I would have time 
to develop my knowledge of and stature in the 
other things that affect my life. And I'd plan this 
development to explore many things, rejecting 
none until I had enough of a taste to make a sound 
decision. I still don't like politics, or the intel- 
lectual snobbism of "the Arts", but I know enough 
why I don't like them to argue the merits and de- 
merits of the attitudes, and to respect, without 
admiration, their positions. Had I but known 
better I would have worked much harder at under- 
standing why a person thought and acted as he 
did, so that I could maneuver him to my side 
rather than confront him as an adversary. 

If I had it to do over -- I'd be more interested 
in experience than security, for the first ten 
years of my career. I learned many things (still 
am learning, in fact) late rather than early when 
they could have improved me, my career, and 
my contributions, because I was reluctant to take 
a risk (the Great Depression of the '30's is my 
excuse, but the Great Society of the '60's may be 
just as good an excuse as you look back) . I think 
I would have more confidence in myself while 
young and stretch a little harder and farther to 
get more quickly what I thought I wanted. 

If I had it to do over -- I would work harder 
when I worked and relax more when I relaxed, 
but I'd put them in better balance. I know now 
that satisfaction comes from more and harder 
work of my choice, from accomplishment and not 
from leisure. In my early years in the profes- 
sion I would have worked constructively more and 
learned earlier that meaningful relaxation is as 
much fun as time-consuming idiot play. Today I 
know the truth in the statements that "whatever 
you do — do it well", and "don't just talk, do 
something". If only I had known then that play is 
really excited interest in something and that it 
can be as constructive as work! 

If I had it to do over — I would choose what I did 
more because I liked to do it than because it paid 
more or was convenient at the moment. What curi- 
osities I might have satisfied, how much more I 
would know, perhaps I might even have discovered 
the reasons why I am looking back as I am now. 

And so I reach the end of this fantasy, realiz- 
ing that as I read it in print on a later day, I will 
think if I had it to do over -- what ? 
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ON ATOMS ANJ 


Tom Tinley has recently graduated from G.W. U'. for 
the second time, receiving his M.S. in February, 
1966. He received his B.M.E. in August, 1964 and 
is now working toward the Doctor of Science degree 
while on a National Science Foundation traineeship. 
While an undergraduate, Tom was active in Sigma 
Alpha Epsilon Fraternity and Tau Beta Pi Honor Society. 


INTRODUCTION 

I am sure that at one time or another most 
engineers have been intrigued by the possibility 
of predicting the properties of materials from a 
purely theoretical analysis of their atomic com- 
position. I am equally certain that those who 
have considered the complexities involved in 
making the most primitive predictions have dis- 
missed the possibility of much progress ever 
being made in the area. 

Although the difficulties are rather severe, 
physicists, and even some engineers are work- 
ing and making some progress in this area. This 
article presents a qualitative description of one 
small facet of this work; namely that of calcu- 
lating the thermal variation of the elastic con- 
stants of a monovalent metal single crystal. Since 
all solids are composed of atoms, such a de- 
scription, as specialized as it may sound, in- 
volves many of the elements contained in all 
calculations of elastic material behavior based 
on an atomistic approach. 


ELASTIC CONSTANTS 

Before describing the atomistic approach 
employed in the present calculation it may be 
well to discuss elastic constants briefly. Elas- 
tic constants are analogous to ordinary spring 
constants which we have all dealt with in physics, 
i.e., they indicate the ratio of force required to 
maintain a certain deformation, to that deforma- 
tion (be it in terms of strain, fij, or displace- 
ment, x). 

For an isotropic material, most engineers 
probably recall that Young's modulus, and Pois- 
son's ratio are the only two elastic constants 
required to describe completely the relation 
between an arbitrary stress and strain. In the 
case of the single crystal with a cubic structure 
considered here, the general idea is the same. 
However, due to the fact that the atoms are ar- 
ranged in rows and planes the material is not 
isotropic and, therefore, three elastic constants 




must be considered for a complete stress strain 
description. It is found that all elastic constants 
decrease approximately linearly with increasing 
temperature. The purpose of this article is that 
of indicating the method of calculating this de- 
crease . 


METHOD OF CALCULATION 

Having refreshed the idea of elastic con- 
stants, it is next appropriate to consider a general 
method for their calculation which may be em- 
ployed in the present atomistic analysis. To 
show formally how this method is developed would 
be a rather lengthy process, therefore only a 
simple spring will be discussed here. The re- 
sults may then be generalized to the case under 
consideration. Recall that by integration the 
stored energy of a spring may be found as l/2kx2 
Conversely, if lt is assumed that the energy is 
initially given in this form, it is apparent thlt k 
may be found by differentiating twice with respect 
to x Generalizing this idea it may be shown by 
a thermodynamic analysis that if the Helmholtz 
free energy, F, of an elastic body is known in 
terms of strain, any elastic constant may be 
found by taking the second derivative of F with 
respect to its individual strain components at 
constant temperature). Since F maybe expressed 
as the sum of a temperature dependent term and 

one independent of temperature, the thermal va 

riation of elastic constants may be determined by 
differentiating only the latter. Different! a 

finding elastic constants from an atomistic ap 
proach reduces, in this case, to determining the 
thermally dependent part of the Helmholtz free 
energy of a crystal, from a consideration of 
atomic interactions, and then the change in this 

energy when the crystal is strained (i e one 
must find F( <ij)). U.e., one 


ATOMIC MODEL 


Having clarified what 
(three elastic constants) and 


we are looking f or 
, in general, what is 
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ELASTIC CONSTANTS 



required to find them (F(<j.j)), we now may pro- 
ceed by focusing attention on the atoms of a crys- 
tal lattice. For this purpose it is helpful to have 
an atomic model of the crystal in mind. A rather 
good model is that of a cube made up of hard 
spheres bound statically (for the moment) to- 
gether by springs attached to all of the spheres. 
The springs, of course, represent the often com- 
plex, and still to some extent unknown, interac- 
tions between the atoms. Enough springs must 
be included in the model to take care of most of 
these interactions . (Itmay appear that the springs 
will not adequately represent the complicated 
interatomic forces, but, as will become apparent 
later, for the purpose of this analysis they suffice.) 

In order to write the free energy as a function 
of strainfor such a model, the equilibrium energy 
is assigned the value of zero due to the fact that 
| only the change in energy with strain is of con- 

cern. Next, since it is known that in the present 
I case the change in energy of the crystal is due 

to a change in the relative positions of the atoms, 

( these positions are expressed explicitly in terms 
of strain. This may be done from purely geo- 
metrical considerations by drawing a model of 
the specific crystal structure of concern in its 
unstrained state, and then imagining that cer- 
tain strains are imposed on it. By choosing a 
general reference atom, drawing a vector from 
it to each of its neighboring atoms, and sub- 
tracting each undeformed vector from its de- 
formed counterpart, the desired displacements 
in terms of strain may be found. Of course, 
since the form of the energy has been implicitly 
assumed to be quadratic in strain, the relative 
displacements need only be found to that degree 
of accuracy . 

I 

TOTAL ENERGY 

( Referring again to the model it is seen that 
when the position of a single atom relative to the 
rest of the atoms is known as a function of strain, 
the amount of stretch and the associated change 
in energy of each spring is also known as a func- 
tion of strain. By summing over all of the springs 
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attached to each atom and multiplying by the 
number of atoms (then dividing by two to avoid 
counting each spring energy twice), the total 
energy as a function of strain can be found. Fin- 
ally by simple differentiation the desired elastic 
constants can be found. 

In applying this to a real crystal, the same 
approach will work if the effective spring con- 
stants between atoms are known. It may also be 
apparent that all details of the interatomic forces 
need not be known since (for infinitesimal strains) 
the form of the interaction energy must be some 
constant times the square of the change in rela- 
tive displacements. (In metals the electron gas 
somewhat limits the validity of the spring and 
sphere model.) 


THERMAL VARIATION OF ELASTIC 
CONSTANTS 

Thus far, in order to maintain some sim- 
plicity in the discussion, no mention of tempera- 
ture has been made when referring to the model. 
Thus, the variation of the elastic constants with 
temperature has been ignored. In fact, what has 
been discussed so far is restricted to a theoreti- 
cally absolute zero temperature. In order to 
allow for thermal variations of any properties of 
the model we must pluck it so as to set the spheres 
into chaotic motions. These motions, or lattice 
vibrations, exist constantly in a real crystal and 
change as a function of temperature. Through 
the change in energy associated with these vibra- 
tions, the elastic properties of the crystal are 
altered. 

The central problem then, in determining the 
temperature variation of the elastic constants, is 
that of determining the vibrational free energy 
of the crystal lattice as a function of temperature 
and strain. By simple differentiation, as dis- 
cussed previously, the desired quantities are 
then obtained. In the case of a real atomic lattice 
the analysis of the vibrations is nearly identical 

(Continued on page 10) 


ON ATOMS AND ELASTIC CONST ANTS-continued from page 9 


to that which may be applied to our model, so the 
model again serves well. Therefore, with the 

ceed^ 48 a reference the ^alysis may now pro- 


First, it is assumed that the potential energy 
of the unstrained crystal lattice may be expanded 
in a Taylor series to second order in the dis- 
placements of the atoms (vibrational displace - 
ments, not strain displacements) from their 
equilibrium positions. The general form may be 
reduced to 1 


hr.1t, t oocain proper lorm of the Helm- 

“SiSUnE; £• f“° ,her *S» 


3W 


where k is Boltzmann's 
temperature. 


constant, 


and T is 




where Cij may be associated with the spring 
constants of the model (or viewed as second 
f® rl , vatl , ves Wlth respect to xi and xj), and xi is 
the displacement of the ith atom from its equilib- 
rium position. The sum extends over all i's and 


j's 


Employing Newton's law, 


F; = 


/V\ Ti . 

A 


5Y 

3*, 


we may write the equations of motion for each 
atom immediately. However, this would result 
in 3N coupled equations (where N is the number 
.® to “ 8 ln tJ ? e crystal) due to the cross terms 
in V. To avoid this disaster we define a trans- 
formation to an abstract set of coordinates (nor- 
mal coordinates), £*, such that when the potential 
energy is written in terms of £i the result is 

v-z^; 

x 

(The details of this transformation are not im- 
portant to the article, so just believe that it is 
legitimate.) 


terms the new coordinates it is found 
that the equations of motion are uncoupled, in the 
form 

=o 

and there are 3N of them. These equations may 
e recognized as those of harmonic oscillators 
where ai i* is the oscillator frequency. Thus 
what has been indicated is that the original cha- 
otic motion may be reduced to the motions of 3N 
independent harmonic oscillators. 

In order to solve for the elastic constants it 
only remains to find the energy of each oscillator 
sum the individual energies to obtain the total 
vibrational free energy of the crystal, express 
the energy in terms of strain, and finally differ - 
entiate twice to obtain the part of the elastic 
constants due to the vibrations. 


In order to find the individual energies of the 
oscillators we must enter the murky realm of 
quantum mechanics. Omitting details, the energy 
of the ith oscillator is found to be 

where ll is Planck’s constant divided by 2 „ , and 
Ni is an integer quantum number indicating the 
excitation level of the oscillator. 8 


CONCLUSIONS 


that an explicit form i™the Wb^S*?** 

term’s of theT^ ™ y be S5SL?2 

SS£ the to 

ever^that °since 2^°“ ^ 
oscillators, /° 23 

could be a rather lengthy process Thl by 
of expressing 1023 frequencies in terms of ™ 

even for our simple model, could also be ah"’ 
problem. For these reasons a firLi b blg 
tion must be made. This is, in effect to rOX1 ” ia - 
theu,! s by an average oscillator frequency 
This procedure eliminates both problems ' 

tioned above since we now need dea wl "' 
one frequency, SZ, which may be 


CO 1 


3N L 3 x'< 


yy * . vy 


3^ 


vv 7 


where the x,y,z now refer to , u 
nates of a single atom. This result* is *f COOrdi ' 
lndeed since, from the vibration chaos' 22“^* 
stract coordinates, we have hee k ? d ab ~ 
an expression in h™ of thTlMUc",? ' ba ° k *° 
energy which is easily interpreted In pole ntial 
atomic interactions. ^ ln terms of 


the Helmholtz free energy must he f SSW tha 
differentiated in order to obtain el a ^ found an< 

N d Xt ’ a d S K atiC m ° del Was ln troduced C and nS i antS 
indicated how one might find the i nd 4 was 

a, absolute aero ■£>«“*■ 

duce temperature the model was allowed t °' 
brate and the vibrational free energy of^he I 1 ' 
was sought. By a purely „i„ • y , the model 

transformation, the lattice vibrat^ coordinat e 
reduced to those of 3N indep ende"f the " 

oscillators. Finally bv er^ni d * harm °nic 
mechanics, statistical mechanics °and 8 a quantum 
oscillator frequency it was indicated" t ? V ? rage 
vibrational energy could be expressed in ^ the 
of strain as desired- and Sed ln terms 

differentiation to obtai’n the elastic^oTstalitf. 
omitfed^rd b ”» 

in the discussion. The purpose of neglect ed 
however, is not thereby hampered bLi^ artlcle » 
intended only to convey an awareness and* f '* &S 
ciation of an exciting and intriguing arefof^®' 
neering research. It is hoped that thfs * * ngl ' 
has been achieved. this purpose 
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the mecheleciv 


Have astronauts 
made pilots old hat? 



Sure, the boys who 
go off the "pads" get the big, bold head- 
lines. But if you want to fly, the big op- 
portunities are still with the aircraft that 
take off and land on several thousand 
feet of runway. 

Who needs pilots? TAC does. And 


most advanced research and develop- 
ment organizations, we have a continu- 
ing need for scientists and engineers, as 
well as administrators. 

Young college graduates (both men 
and women) in these fields will find that 
they'll have the opportunity to do work 


MAC. And SAC. 

There's a real future in Air Force fly- 
ing. In years to come aircraft may fly 
higher, faster, and farther than we dare 
dream today. But they'll be flying, with 
men who've had Air Force flight training 
at the controls. 

Of course the Air Force also has 
plenty of jobs for those who won't be 
flying. As one of the world's largest and 



that is both interesting and important. 
The fact is, nowhere will you have greater 
latitude or responsibility right 
from the start than on the 


Aerospace Team— the U.S. Air Force. 
Interested? The place to find out more 


is at the office of the Professor of Aero- 
space Studies, if there is an Air Force 
ROTC unit on your campus. If not, con- 
tact the nearest Air Force recruiter for 
information on all Air Force officer op- 
portunities. Or mail the coupon below. 

, 1 

I Officer Career Information 

Box A, Randolph Air Force Base, Texas 78148 | 

Nome ___ | 

C ollege j 

. Class of 19 | 

. A ddress I 

I City State Zip I 


UNITED STATES AIR FORCE 





FACTS AND FIGURES: ENGINEERS’ WEEK 1966 


The value of the program presented during 
Engineers' Week is difficult to determine. For 
some people the event was a worthwhile expe- 
rience; to others it was simply one more thing 
to be endured; and to a third group it was inter- 
esting and informative but left no lasting im- 
pression. 

Participation was on a very broad base. 
This year twenty-two companies and agencies 
sent displays and literature to the School. The 
Engineer Alumni Association entered the pro- 
gram by presenting an excellent open forum on 
the subject of engineering practice. Prominent 
men from Jansky and Bailey, COMSAT, PEPCO, 
Frank J. Sullivan Associates, and the National 
Academy of Sciences were the panelists. The 
Engineers' Council, Theta Tau, Tau Beta Pi 
Sigma Tau, ASCE, ASME, IEEE provided able 
assistance as guides and as demonstrators. The 
special edition of MECHELECIV was prepared 



with the aid of the editor, Millard Car 
one who was willing, or who could be 
had the opportunity to help out. 


r. Every - 
persuaded, 


flooded the news media with infoVmltio^Vh 

TzlZT to tour the^hool wen^o 

225 high schools in the area and to 650 

clubs in Maryland, Washington and V ? nce 
Nearly 1,000 students and ^club m mb rgU11 f < ‘ 
tended, and judging by their commenTs^h^we^ 
duly impressed by the School and by the > enpi 
neenng students they met. Y en 8 1 * 


are many facets of 

S5 rOV ' d ;u S “88e«tio„, P , r 8 . \ C .u“ b e e 

Address them to the Engineers' Week rut 
of the Engineers' Council and leave 

H mail box at 731 Twenty -second St! 



EDITOR'S NOTE : 

Mecheleciv ujould like to publicly thank Air. Douqlas Douje for nil hi*. . 

Week a success. The Special Engineers' Week Mecheleciv issue tuas due almost maktng En 9ineers' 
efforts. It i . iKi, peSUeelion' . f ..tin, tKat ,f ,K. Scftoo, „/ B^Z.rT,’ '» 

dents of Doug s ability and dnve.it may make some contribution to the enqineerina Z- 9 f adUate stu ~ 
all- a Profession after 
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You won’t find the environment at Sikorsky Aircraft 
conducive to inertia. We earned our reputation as a pioneer 
and leader in our dynamic, young industry by applying a 
lot of mental muscle to a bewildering array of problems. 
And being willing to buck the current in order to go places 
is an essential engineering attitude with us today. 

Are you this kind of young engineer? Willing to wrestle 
with new ideas, hard work? Then you should certainly talk 
to us about the opportunities for personal progress and 
rewarding professional satisfaction offered in our world of 
advanced VTOL systems. 

The Sikorsky vehicle of today reflects a startling new tech- 
nology . . . the merging of sophisticated electronic systems 
with the VTOL airframe to provide new dimensions in 
airborne capabilities. These advanced VTOL systems are 
fulfilling the broadest demands on their versatility . . . from 
space capsule recovery to wide-ranging military and com- 


me c,a< application. As for the future-it’s bounded only 
by the span of engineering imagination. 

THE RIGHT SPOT FOR YOU? We’ll have it. You’ll be 
given tough, responsible assignments within one of our 
small, interdependent groups-working on demanding prob- 
lems in such areas as aerodynamics . human factors engi- 
neering . automatic controls . structures engineering . weight 
predict, on . systems analysis . operations research . reha- 
bility/maintainability engineering . autonavigation systems 
. computer technology . , . among others. 


And your career potential can be increased materially by our 
corporal, on-financed Graduate Education Program ' 
available in many outstanding colleges within the area' 


Please consult your College Placement Office for camn„c 
interview dates-or-for further information, write “ 
Mr. Leo J. Shalvoy, Engineering Personnel. 


Sikorsky Rircraft 


DIVISION OF UNITEO AIRCRAFT 


STRATFORD, CONNECTICUT 


An Equal Opportunity Employer <M * F) 


u 

A I PC P 

P 


' CORPORATION 



Flash it with a sun mirror . . . 


or command it through a Motorola Transponder 


THE 


V 


PROBLEM: 


HOW DO YOU TELL 


THE SPACECRAFT TO MAKE A LEFT TURN ON ITS WAY TO MARS? 


Sun signals might work fine (except maybe at night) 
but you can count on control when you program with 
the aid of a Motorola transponder and flight com- 
mand subsystem. 

Besides, if you were skimming along millions of miles 
in outer space, you’d more than likely feel better 
with some sophisticated electronics backing you up. 

•Primary function is to receive command signals from Earth, and 


Motorola’s sophisticated know-how stems from years 
of experience in all major areas of modern elec- 
tronics— from outer space, inner space, and down 
to earth — to a company's computer as well as your 
own dashboard. 

In fact — how about your shirt pocket? You might 
just find a Motorola radio there. 

return critical in-flight communications information. 


TRUST THIS EMSIGNIA 



WHEREVER YOU 


FIND IT 


MOTOROLA 


I 


Mr. Jerry L. Edwards is a full rime graduate student 
working in the Metrology program under an N.S.F. 
Engineering Traineeship. Jerry was editor last year 
and was in his undergraduate years. Regent of Theta 
Tau and Chairman of A.S.M.E. as well as a com- 
missioned 2nd Lt. in the U.S.A.F. from the R.O.T.C. 
program. 


A MODERN VIEi 

and its application 

TO THE PROBLEM OF 
ALLOY PHASE STABILITY 


Because materials science is a quantitative 
study of the properties of materials, one of the 
fundamental problems of the subject is predicting 
how those properties change when the material 
is subjected to a change in environmental condi- 
tions. For example, engineers would like to 
predict how the length of a rod changes when a 
uniaxial force is applied to it, or how the mag- 
netic susceptibility of an alloy changes under 
high pressure, or how the distribution carbon 
within a steel changes with temperature. All of 
these problems can be treated in a similar man- 
ner as follows. For every set of environmental 
conditions such as temperature, pressure, me- 
chanical stress, electrical field intensity, etc., 
there exists a particular state of the material 
which is stable under those conditions. Such a 
state, sometimes called an equilibrium state, is 
considered stable if there is no tendency for the 
material's properties to change their values with 
time. 

As all property changes in a material must 
obey the principles of thermodynamics, these 
principles can often provide the key for pre- 
dicting the stable states mentioned above. The 
author feels that the power of thermodynamics 
has not been fully utilized in materials science 
because its principles are not usually expressed 
in the most suitable form for such applications. 

It is the purpose of this paper to briefly re- 
view a rather modern formulation of thermody- 
namics and apply it to one particular problem — 
the chemical stability of alloy phases under 
various conditions of temperature, pressure, and 
chemical composition. 

Classical thermodynamics was developed at 
a time when the atomic theory of matter was 
still in question. And today it is still taught to 
students in basically the same way. Fortunately, 
the situation is changing. In most of the recent 
books on thermodynamics, there is a chapter or 
two on statistical mechanics, but such chapters 
never seem to be fully integrated with the rest 
of the book. The really fundamental relationship 
between statistical mechanics and the second law 
of thermodynamics is not emphasized the way it 
should be. The quantum theory of matter and its 
relationship to thermodynamics is not usually 
even mentioned. 

A more up-to-date approach to thermody- 
namics might well start right off with the Boltz- 
man entropy relation 

5 = k AvW (1) 

and from statistical mechanics make use of the 
fact that the probability W associated with a par- 
ticular distribution of N particles on a set of 
quantum mechanical energy levels can be ex- 
pressed as a function of the total energy E and 
N; i.e., 
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w =f(£.N) (2, 

or, in the case of a mixture of more than one kind 
of particle, we would find 

... W = (3) 

And from quantum mechanics, we learn that the 
spacing of the energy levels, and therefore W 

S = kLw - (4) 

(A reiationship such as this is used by Callen 
111 51 as a basis for his treatment *.u allen 

The above functional relationshin • • 

entropy in terms of a set of extend P giving 

is enough. For from It. £l Tf t he 
classical thermodynamics can b^ de riled ^ ° f 
efficient and elegant manner. To belV" “ 
this, assume that we solve a simplified form"! 

5 = S(E,V,N„N/ t> ...) 


for E: 


(5) 


E = e(5,v,n,»n zi ~0 (6) 

Then by taking the total differential, we have 

dE = ©a 5 (?) 

Now by an appropriate set of definitions for * 

zrsszsxsz:- - — “ ~ 

dE - TA s - PJV + %2 /tjJU- ( 8) 

With this and the statistical mechanical t i 
edge that S approaches a maximum tw A°,T 
derives all the equilibriuSTFSIatlSis of cia^cai 


Miwuy uanuv. t 

between systems separated bv *a riTat-vf 6 ec ^ ua ^^y 
and pressure equality between system WaU 
by a flexible wall. " systems separated 

Furthermore, Callen introduces the enthai 
function H, the Helmholtz free enerev e f nthal Py 
A, and the Gibbs free energy function G bv ° n 

Lagrangian Transformations and arrives ^ ^ Sln 8 

tions such as v es at equa- 

k ~ G(T~» Pj N, , ,• • -J ^ 

which contains all the information 

(5) does but uses the more convenient variables 

•Numbers in brackets refer to references at the end of the p aper , 
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OF THERMODYNAMICS 


by Jerry L. Edwards 


T and P. Also, he shows that G tends to a mini- 
mum rather than a maximum value as does S. 

With the requirement that Sis maximum, i.e., 
d^S < O, Callen goes on to discuss the stability 
thermodynamic systems and derives "some of 
the most interesting and significant predictions 
of thermodynamics." t-1] However, rather than 
discussing these and other results of Callen's 
treatment, in this paper we will instead apply the 
principles of thermodynamics to the metallurgi- 
cal problem of phase equilibrium in alloys. 

Consider an alloy system composed of n 
different metal elements, with Ni moles of the 
ith element. To simplify the following argument, 
we suppose that the alloy is composed of only two 
solid phases, a and j9 . Let Ni a and Ni f 5 be the 
number of moles of the ith element in the a and 
/3 phases, respectively, such that 


N* + N? 

Usually it is more 
fraction 

^ 

1 "N" 


= NJ; < 10 > 

convenient to use the mole 

; «?.*£ 

’ * N, 


Then equation (10) becomes 
*f 4 */ = I 


(ID 


I 

I 

i 


This has the advantage of reducing the number of 
independent variables by one. The alloy system 
can be divided into two subsystems, one for each 
phase. The total Gibbs free energy can be thus 
written as a sum: 


G = &“(T, P, X* X “ •••) * G* ( T, P. x, 19 , *?, -) (12, 


In writing this we are assuming that T and P are 
constant and are the same for both phases which 
is nearly always the case in metallurgical prob- 
lems. If the alloy system is not in phase equi- 
librium, then the distribution of the elements (the 
values of xi«, x2“, ... , x\P , x20, ...) will spon- 
taneously change until G takes on a minimum 
value. Thus at equilibrium dG = O. 

From equation (12), with constant T and P, 
we have 


From equation (11), we have 

dxf = -dx* 


(13) 


and on substituting this into equation (11) we ar- 
rive at 

a*? - ° (i 4 ) 

This can be true for all possible infinitesimal 
changes in the xi” away from their equilibrium 
values only if 
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<K fi> 

A ~/*i (15) 

So the chemical potential of the i th element must 
be the same in both phases if G is to be minimized 
and the alloy to be in equilibrium. If fii a > f*i p > 
then since dG must be negative, dxi« must also 
be negative; that is, the ith element must be leav- 
ing the a phase and entering the p phase. 

We now have a method of solving the problem 
of chemical stability of alloy phases. We must 
determine a set of chemical potential functions, 
one for each phase and one for each element. 




for each i, 
for each i, 


and so on for each phase. 


If there are m phases, then there are m(n-l) + 2 
unknowns in the above set of equations. But there 
will in general be n(m-l) equations such as equa- 
tion (15) which can be used to solve for these un- 
knowns. We thus arrive at the very important 
Gibbs phase rule where f is the number of "de- 
grees of freedom.' 


or 


[w(n-0 + 2] -[»("-') 3 

-4 = n -ya + 2 


From this we see that we can solve for the com- 
plete distribution of elements among the phases; 

i.e., the values of xl**, x2 a xl@, X2 P, •••; f° r 

a given T and P only if n=m. Note also that since 
f > O, we must have m < n + 2. 

The difficulty with the above "solution" is 
that chemical potential functions cannot be readily 
determined experimentally. So it is the practice 
to introduce a new variable by comparing the 
properties of the real solutions (or phases) being 
considered with ideal ones. This new variable 
is the activity of the ith element in a given phase 
defined by 

" pT° ( 16 > 

where Pi is the vapor pressure of the i th element 
over the phase and Pi° the vapor pressure of the 
ith element in a pure state. These vapor pres- 
sures are exceedingly small for solids, of course. 

Since, by definition, an ideal solution is one 
for which 


R - P°X; 


(17) 


where x; is the mole fraction of the ith element 


(Continued on page 18) 
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A MODERN VIEW OF THERMODYNAMICS— Continued from page 17 


in the solution, we have 

= Xt (18) 

for an ideal solution. From statistical mechani- 
cal considerations, it can be shown that equa- 
tions (17) or (18) can be true only if there is no 
interaction between the different components in 
the solution. (See, for example, Wall [2]). 

Now to see the connection between activity 
and chemical potential, we make use of the re- 
lation 

G = R TAP 

which is derived in elementary thermodynamics 
for the ideal gas. For a gas mixture, this be- 
comes 

su x = hti~f> (19) 

which is a very important relation in chemical 

thermodynamics. It makes it quite easy to write 
the equations for equilibrium in a system of re- 
acting ideal gases. It can be used for solids, if 
we assume that the vapors over the solids are 
ideal gases which is usually nearly true. For 
the pure element 

RTin^° (20) 

Subtracting equation (20) from (19), we find 


Ac -A° • RTjL P. -RTjUP c 

^ A 


- RTJL = RTJUa^ 

' JL 


(21) 


This establishes the desired relationship. By 
subtracting from both sides of equation (15), we 
have 

=a/-a° 

From this and equation (21), we see that 

A* - «/ 

must hold it two phases a and p are to be in 
e 9 mlibrium with respect to the transfer of the 
ith element between those phases. 

For the ideal solid solution, equation (21) 
becomes 

A, y*j. = RtJLx; 

For a non-ideal solution a z ^ xi and a dimen- 
sionless quantity known as the activity coeffi- 
cient is usually defined. ~ 

/ = V*; (23) 

The reason for this definition is that values of 
ai are easier to tabulate than those of a£. 

It is important to realize that af and thus 
are, in general, functions of temperature, pres- 
sure, and composition and must be determined 
from experimental measurements. After intro- 
ducing one more concept which is useful in the 
experimental determination of activity functions, 
we will briefly discuss some of methods for these 
determinations . 

Consider the formation of a solution. (The 
formation of compounds is usually developed in 
terms of a "reaction potential" a~G and an equi- 
librium constant K. See Wall [2]). 

KA + N Z A 2 + ■ z±[ M,4 1 + N 2 A i+ .. . j (24) 


SM, u ; y -’ : 

Z\G= N I ^ 1 +N Z >< 1 , + — N.yu'-Nj m° 

= N/,C>. -x.°) + N^-yu/) + . . . (25) 

Combining this with equations (21) and (23) yields 
A & N X RT£* a; (26) 


and 


AG, 


(27) 

For an ideal solution, denoted bv an a • , 
activity coefficients of aU consLuents are e 1 
to unity and the second term on the r l, ? , 

side of equation (27) vanishes: Jght-hand 

AG ( 28 ) 

The difference AG -AG* for real solutions is call.H 
the excess free energy aGEX in the Ute S r '^ 

AG *= AG-AG = IjN-RT^y. (29) 

By partial differentiation with respect tr> n, 
moles of any element i, we obtain P ^ 

C'"' 


(30 


' ‘ vut 1 » w c uoidin 

) -RTinif ;. + R T [^ 3 A.y. +N ^v. 7 

- RTJU \ 

since by an important relation, called the kk 
D uhem equation, which is derived n = t n b , S 

on chemical thermodynamics ([2] for exam°n 

we have aia; + ^ example) 


2 3N; 


+ •• • = O 


N| 3K. 

(3 

The importance of AGEX n es in , ' 

Another reason why AGEX is i * „ . 
because, by definition, an ideal solution 1 

in which no net interaction between atoms ^ 
curs. The excess free energy reflects t£\° C 
of interaction that occurs This 
the following graph which is SmUar to o^ 4 ^ b 
sented by Darken and Gurry [3] T hp pre 
quantity slightly different from the ^GEX^ 
here, however. ^ usei 



Now we have reached the point where we ea 
solve the problem of phase stability in alU n 
terns (and derive phase equilibrium diagrams)^ 
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The Rain in Maine is Plainly 

n _ SNR _ t/Tsvs , Tsys„ _ A-l 
u SNR 0 t 0 /TsYSo 1 x Tsys Arl 



Attention to detail is an old 

Bell System habit. Or maybe you call 

it thoroughness. Or follow-through. 

Anyway, we attended to an interesting 
detail recently-the effect of rain 
on the microwave link between a 
communications satellite and our 
pioneer ground station antenna 
at Andover, Maine. 

If we could but measure the rain's 
effect, we could improve the design 
of satellite ground stations. 

The question was how. 

Well, you often have to take your 
laboratory tools where you find them, 


and in this case we found ours in 
Cassiopeia A, a strong and stable 
radio star that is always visible from 
Andover. We measured the noise 
power from Cassiopeia A during dry 
periods, and then measured the 
reduction during rainy periods. The 
result could be expressed as a 
formula and employed accurately in 
designing future ground stations. 

The initial success of our Telstar® 
satellites proved the feasibility 
of communicating via space. 

But it also opened the door-or the 
heavens— to a whole new technology 
which we are now busily 
exploring in every detail. 


♦The definitions and derivation, plus further information on satellite 
transmission degradation due to rainfall, may be found in the 
Bell System Technical Journal, Vol. XLIV, No. 7, Sept., 1965, p. 1528, 
which is available in most scientific and engineering libraries. 


In space, on land or beneath the sea 
-wherever we operate— we go into 
things thoroughly. 

Sometimes we know when not 
to come in out of the rain. 

* * * 

You may well find a rewarding career 
in the Bell System, where people 
find solutions to unusual problems. 
Bell System Companies are equal 
opportunity employers. Arrange 
for an on-campus interview 
through your Placement Office, or talk 
to a local Bell System Company. 



Bell System 

American Telephone & Telegraph 
and Associated Companies 





£. C * nt years - P'anes powered by P, 
& Whitney A.rcraft have gone on to 
new standards of performance in much 
same way as the Wasp had done in 
1920 s. The 727 and DC-9 are ina: 
the new family of short-to meH 
jetliners which are powered by thT hid 
successful JT8D turbofan Exam 9 

current military utilizations are Th e j 
powered Mach 3 YF-12A which 
established four world aviation recer 
the advanced TFSO-powe^d F 1 
geometry fighter aircraft. 11 Vanat 


The Company’s first engine, the Wasp, to" 
to the air on May 5, 1926. Within a yeart’, 
Wasp set its first world record and wen! 
to smash existing records and set standa 
for both land and seaplanes for years 
come, carrying airframes and pilots higr 
farther, and faster than they had ever * 
before. 





and Future 


PRATT & WHITNEY AIRCRAFT TECHNICAL POPULATION VS YEARS 

I II I I 

PROJECTED GROWTH 


RECORD OF STABILITY ^ 

I I I I I I 

(No dip in technical population 
for the last quarter 
of a century) 


1954 


1958 


1962 


Take a look at the above chart; then a good long look 
at Pratt & Whitney Aircraft— where technical careers 
offer exciting growth, continuing challenge, and lasting 
stability— where engineers and scientists are recog- 
nized as the major reason for the Company's con- 
tinued success. 

Engineers and scientists at Pratt & Whitney Aircraft 
are today exploring the ever-broadening avenues of 
energy conversion for every environment ... all opening 
up new avenues of exploration in every field of aero- 
space, marine and industrial power application. The 
technical staff working on these programs, backed by 
Management’s determination to provide the best and 
most advanced facilities and scientific apparatus, has 
already given the Company a firm foothold in the cur- 
rent land, sea, air and space programs so vital to our 
country’s future. The list of achievements amassed 
by our technical staff is a veritable list of firsts in the 
development of compact power plants; dating back to 
the first Wasp engine which lifted the United States 
to a position of world leadership in aviation. These 
engineering and scientific achievements have enabled 
the Company to obtain its current position of leader- 



Pratt & Whitney 


ship in fields such as gas turbines, liquid hydrogen 
technology and fuel cells. 

Should you join us, you'll be assigned early responsi- 
bility. You'll find the spread of Pratt & Whitney Aircraft’s 
programs requires virtually every technical talent. You’ll 
find opportunities for professional growth further en- 
hanced by our Corporation-financed Graduate Educa- 
tion Program. Your degree can be a BS, MS or PhD in; 

MECHANICAL • AERONAUTICAL • ELECTRICAL • CHEMICAL 
ENGINEERING . PHYSICS . CHEMISTRY . METALLURGY 
• CERAMICS • MATHEMATICS • ENGINEERING SCIENCE OR 
APPLIED MECHANICS. 

For further information concerning a career with Pratt 
& Whitney Aircraft, consult your college placement 
officer-or write Mr. William L. Stoner, Engineering 
Department, Pratt & Whitney Aircraft, East Hartford, 
Connecticut 06108. 


SPECIALISTS IN POWER . . . POWER FOR PROPULSION-POWER 
FOR AUXILIARY SYSTEMS. CURRENT UTILIZATIONS INCLUDE 
AIRCRAFT, MISSILES, SPACE VEHICLES, MARINE AND INDUS- 
TRIAL APPLICATIONS. 


Aircraft 


U 

DIVISION OF UNITED AIRCRAFT CORP. 

P 

An Equal Opportunity Employer, MtF 


CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT 
FLORIDA OPERATIONS WEST PALM BEACH, FLORIDA 


MECH MISS 


• • • 



Miss Shirley Snyder 


a aeiighttul 18 

year old sophomore beauty majoring i„ American Though, end 
Civilization. Shirley enjoys skiing, canoeing, swimming, and 
travel, ng. She has lived in Pakistan. Afghanistan. Kenya Ivory 
Coos,. Switzerland. Malawi. Mexico, and Lebanon, and she 'speaks 
three languages. 

Here a, CWU. she works in the book store, is a member of the 
ski club, and was on the Homecoming Queen's Committee. Maybe 
some engineer needs help in geography. 
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Editor's Note: 

While investigating the many splendored wonders o t the elaborately 
equipped M.E. lab, Miss Popowsky discovered a rather crudely 
constructed (even tor the M.E. lab) complicated, metallic box 
labeled "TIME MACHINE tall semester 1959". Inside this 
obviously undergraduate M.E. project she found a small diary, 
written in a cryptic scrawl and bound in artiticial Moroccan 
leather (the artiticial Moroccan has yet to be developed by 
modern technology ). Diligently translating the strange language, 
using a rather advanced mathematical approach, Miss Popowsky 
has given us what may be a contribution o l tar reaching historical 
portent. An excerpt appears below. 


by Judith J. Popowsky 


Judith Popowsky is one of the few distaff students to 
e successful m the School of Engineering and Applied 

Srr. s m e ,xp *k''‘' ,o r d ” ,e •" °n»£ 

i h a B.S.M.E., having been extremely active bv 

and d 'th 9 tH k T'° r ° ff i CeS ° n the En 9' nee rs' Council 
and the Mecheleciv staff. She has also been active 

J”- , arK * ^ as been elected to Sigma Tau Who'c 
Who and several other honor societies. ' " 


"Diry Ntry: Jun 21, 2056 

I am plesed. We hav, at last, fownd one that 
is ntact. (Dr. Morga was afrad wen it was opend. 
So many hav ben dstroyed by owygen lekes. We 
wer relikwishing hop that any had survived.) We 
wil cal it the Tompkins Vault, that it miit be set 
diferent from the Washington (Time) Vault fownd 
by Kraal and his asosiats. 


Jun 22, 2056 

This must be the vault dscribed by Ikos, in 
his disertation on the probabl number of vaults 
buried by pepl of a teknikal bakrownd, as having 
ben located at a centr of lerning, in wat was ons 
the centr of govrnment for the now non-xistent 
United States of America. Ther ar many itms 
of litratur, wich Morga has takn to desifer, and 
others mekanikal in natur, wich I hav ben givn to 
xamin." 

Jun 23, 2056 

The traslations ar copleted. We hav fownd, 
to mi singular delit, that many of the documents 
prtain to the mekanikal objets wich Morga has 
ntrusted to me. (Kraal and a copanon, Zurak, 
whom I belev to be the sam Zurak fownder of the 
Dos Angeles Vault, hav com to help Morga compil 
the aditions to his ditionary; aditions of words 
and frases takn from the newspaprs, periodicls, 
and articls of a non-teknikal natur takn from the' 
Vault.) 

Jun 24, 2056 

The mekanikal objets wer spred own on a 
tabl for me this morning. It seems I hav akwired 
an abl asistat in this man who cals himself Uras. 
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(Perhaps he wil be the one to Iran for taking mi 
position. He seems nteligent enoff, and wat holds 
mor mportance, he is nterested in mi work here ) 
We xamined them closly, using primarily the 
etrsburn Tests and Calibrativ Procedures I 

^ r Th tHa < M ° rga has a grat shok coming to 
him. These ancient ones', as he cals them 8 of 
the past sentury wer abl to produs mashined 
tools to an xseptional degre of tolerans and 


akurasy. This 'gyroscope' and these 'strain 
gauges' ar, with the xseption that the metl used 
is of a weker.les kohesiv kwality, ekwal to objets 

barchans?* ^ Y N ° W ’ he CANNOT cal them 

I wish ther wer mor evidens of how much 

T r he g fot S 1 t0ard motionles mekaniTms 
The fotograf s Morga shoed me ar of mashin 

and other objets, som of which probably contan 
motionles sektions; but to wat degre the \ 
mekanisms ar of a non-moving natur I do "not 
noe. (I must mention, in passing, that ther wer » 
...other fotografs, primarily of lokations a™'"., 
the site of the Vault. Many of them ar duplies 
of fotografs fownd in past vaults; but a few mt**, 
thos in the periodicls themselvs.ar new to mS 
and the othr historians now with him xam; - ga 
the documents of the Tompkins Vault. ’ minm g 

Jun 25, 2056 

Alof the mekanikal objets from the Tom^u- 
Vault hav now ben tiped. They wil soon II I lnS 
to the museum in Norkaan-Tonn. I must 
.h„ , h.v with..., „ £ riant 
has a very fin point, and glids smoothly ovr the 
papr. Ther is but a singl problm; it lekes." h 

*barbans: barbarians 
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* T his is the statement uttered by 
Archimedes just before his death at 
the hands of one of the soldiers of 
Marcellus, commander of the victori- 
ous Roman legions. 

The connection between modern 
operations analysis and the philosophy 
at the basis of this statement is dis- 
cussed in our brochure which is avail- 
able to you upon request. 


JOB REQUIREMENTS 

RAFF ASSOCIATES currently has 
openings for young Ph.D. physicists 
and electrical engineers, well versed in 
the fundamentals of their discipline, 
whose interests are broad. They will 
work in the fields of sonar ASW and 
signal processing. 

If interested write to Dr. Samuel J. 
Raff, president of Raff Associates. 


VO NOT DISTURB 

„ * 

• • • 


In studying the growth and attrition of companies or 
countries and the success and failure of endeavors of many 
kinds, significant causes can often be found in key executive 
decisions. 

As the world’s technology advances, these vital decisions 
tend more and more to require engineering and scientific 
inputs and careful, objective study. 

The decision maker for management normally does not 
have the time nor the background for such a study. If he 
relies on the recommendations of his own staff, often their 
self-interest will unconsciously (or consciously) influence 
recommendations. Similarly, the advice of outside consultants 
may be conditioned by the equipment and services they sell, 
or hope to sell. 

Therefore, there is a clear and increasing need for the 
services of organizations which can objectively study the 
scientific and engineering aspects of a problem, analyze them, 
and distill a clear and definitive recommendation. 

This is the role of Raff Analytic Study Associates. It is 
a sphere of growing importance. A scientist or engineer in 
this particular area of work will have more impact on his 
society and on his country's welfare than in any other type of 
endeavor. 

The importance of the work will be reflected in many forms 
of satisfaction to the successful scientist or engineer in this 
field. 



7Zaff 

ANALYTIC STUDY 

ASSOCIATES 



relaxation 


Ricardo Nieto was born on February 28, 1942 in 
Colombia, South America. He finished high school 
in Colombia in 1960, and he has been attending GWU 
since Fall, 1961. While working for his B.S.E.E., 
Ricardo finds the time to be an active member in the 
Theta Tau Fraternity. His future plans include studies 
towards a Masters degree in communications. 


INTRODUCTION 

It is known that regenerative feedback is to 
be avoided in an amplifier if stability is to be 
obtained. If the circuit is provided with a suf- 
ficient amount of regenerative feedback, it will 
serve as a periodic wave generator. The gen- 
erator output may be a sinusoidal wave; or a 
square wave, hence of high harmonic content. 
Or it may be periodically recurring, though of 
general nonsinusoidal shape. 

A large variety of feedback circuits, which 
differ considerably in detail, are available for 
the production of self -sustained oscillations. In 
each case, a feedback circuit exists through 
which a portion of the output is fed back to the 
input circuit, resulting in self -excitation. In 
the usual case of a tube, the feedback from the 
output to the input circuit is accomplished ex- 
ternally by means of coupling networks. 


TYPES OF OSCILLATORS 

Conventional self-excited oscillators for the 
production of sinusoidal waves operate as class 
C devices. Class A oscillators, which incorpo- 
rate amplitude controlling schemes, are also pos- 
sible and find extensive use in certain applica- 
tions. Another class of oscillators, known as 
relaxation oscillators, operate over such a wide 
amplitude range that the tube is cut off over a 
substantial portion of the cycle. Conventional 
oscillator considerations are no longer applica- 
ble in this latter type, as the operation is of a 
recurring transient character rather than one 
where there is an energy transfer from output 
to input circuits during an appreciable portion of 
the cycle. 

The relaxation oscillator, like the feedback 
oscillator, is provided with a feedbackloop . How- 
ever, in the case of a feedback oscillator, the 
amount of feedback is usually adjusted such that 
a sinusoidal output results. In the relaxation 
oscillator, the feedback is large, so large that 
the tube is driven beyond cutoff. The tube re- 
mains off for a time determined by the time 
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“ Lne ® ria circuit, after which the 

grid recovers control of the circuit. Because of 
this operation, a distorted output results. But 
such a distorted output wave is rich in harmon 
ics and may be used as a harmonic source. More 

often however, thes e devices produce waveshapes 
ha have direct applications. Among the impor- 
tant relaxation oscillators are the multivibrator 

Pu^the 6 S at k Pr ° dUCeS a s ^«e -ave in the out.’ 
put, the blocking oscillator, a device that pro 

duces narrow pulses, and the sweep osciUator 

:4;r pro<1 “ es * "* W, °° ,h »«• in £ 


in ihaikuw: A GAS FILLED TRIODE 

A thyratron is a gas filled, grid contmii 
tube in which an arc discharge between cath j 

iniiin-n by .heLo^c " 

o electrons A thyratron is used essentially as 
a switch, since the tube operates in either 
conducting or non-conducting state. During con 
duction, the plate -cathode voltage is low flo 2n 
volts, and is constant over the normal c l Fr ~ e ° 
range The current that flows in the plate circuit 
is determined by the voltage applied to the T 
cuit and the impedance of the nonconducting state' 
by maintaining the grid voltaee = 8 

Th * "meal value of the gt i/voSl! 
which mark. th. transition to the conducting 

- — ~ 

5122 * be “ m ** — “eauv. to pr ^ 



The grid voltage cannot alter the , 

of the plate current during conduction, and, there" 

fore, cannot produce plate current cutoff. The 

the mecheleciv 



OSCILLATORS 


by Ricardo Nieto 


plate current is reduced to zero by reducing the 
plate voltage to a value below the tube cutoff 
voltage. Figure 1 gives the relationship between 
grid voltage and plate voltage which will cause 
the tube to fire. The tube will remain in the 
nonconducting state provided the grid voltage 
lies to the left of the curve, for a given plate 
voltage. When the tube is approached from the 
left, the tube conducts and the plate voltage drops 
to a low value which is independent of the grid 
voltage. The curve shown in figure 1 is typical 
for thyratrons that use a gas such as neon, argon, 
helium or hydrogen. 


OSCILLATORS AND THE THYRATRON 


After giving this brief explanation of the 
operation of the thyratron the understanding of 
relaxation oscillators which use this tube will be 
easier. It should be remembered that while a 
hot cathode - gas -filled tube is conducting, the 
tube voltage drop remains constant at a low value 
(10-20 volts). If the voltage is dropped below 
this value, or if the current is reduced to a low 
value, deionization will occur, and the current 
will finally drop to zero. Once deionization has 
taken place, conduction cannot be initiated again 
except by raising the anode potential above the 
cutoff voltage. 



Fig. 2 - Arc Tube Relaxation Oscillator. 


Figure 2 shows a circuit diagram of a typi- 
cal sweep oscillator. The capacitor C is charged 
exponentially through the resistor R until the 
capacitor voltage Vc becomes large enough to 
cause the tube to begin conducting. The capaci- 
tor is then discharged through the tube and Rl to 
a voltage below which the discharge arc will be 
extinguished. Once this point is reached, the 


capacitor can no longer provide a current in the 
tube without further loss of voltage. As a result, 
the remaining current in the tube is just that 
which flows through the resistor R. If R is large, 
this current will not maintain ionization and the 
current through the tube will finally drop to zero. 
The capacitor is then charged, and the cycle is 
repeated. The resistor Rl is a current limiting 
resistor to keep the peak discharge current 
within safe limits. If Rl is too small, the tube 
will be damaged. If the charging resistor R is 
too small, it will pass enough current at the end 
of the discharge portion of the cycle to maintain 
ionization in the tube. This will prevent the ex- 
tinction of the arc, and the cycle will not be re- 
peated. 

WAVE FORMS 


a) 



Fig. 3a) Correct Operation 
Fig. 3b) Vi/Ebb too High 
Fig. 3c) Ri too Urge 


Figure 3 shows the waveform of the capaci- 
tor voltage. Vi and V e are the ignition and ex- 
tinction voltages, respectively, for the given 
grid bias. V e is essentially constant for any 
given tube, between 10 and 20 volts. Vi may be 
adjusted over wide limits by adjusting the grid 
bias. Figure 3 shows that if a Vi is a small frac- 
tion of Ebb. the portion of the exponential charging 
curve which is used in forming the sawtooth is a 
good approximation of a straight line. If Vi is 
slightly less than Ebb. the portion of the sawtooth 
waveform is no longer linear (see fig. 3b). The 
discharge through Rlis also exponential in wave- 
form, but since Rl is small, it can usually be 
considered as being nearly instantaneous. If Rl 
is too large the discharge time is no longer 
negligible, and a waveform is distorted (fig. 3c). 


MARCH 1966 


(Continued on page 28) 
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RELAXATION OSCILLATORS— Continued from page 27 


The time to charge the capacitor is found to be: 

= RC In -p 

If the discharge time is negligible compared to 
the charging time, the frequency of oscillation is: 



V e 

V e 



In practice Efc>h, , V e , and Vj are held constant 
so that the waveform and amplitude are constant, 
and the frequency is adjusted by R and C. The 
sawtooth can be synchronized by an A-C signal 
that is some multiple of the sawtooth frequency. 
This is done by applying the synchronizing wave 
to the grid of the tube. 


junction causes an increase in the electron den- 
sity since the electrons move to neutralize the 

causes RKrSolro^^T 11016 ^- This dement 
auses R b i to drop and I e increases rapidly while 

when switched on. ® * resistance device 


THE UNIJUNCTION TRANSISTOR 
AS AN OSCILLATOR 



Fig- 6 - Unijunction Transistor Used as 
a Relaxation Oscillator. 


THE UNIJUNCTION TRANSISTOR 



Fig. 4a) Construction of the Transistor. 

Fig. 4b) Symbol to Represent the Unijunction Transistor. 


The unijunction transistor is a device that 
can be used in the production of the sawtooth 
waveform. It consists of a bar of N type mate- 
rial which has a P type grown somewhere near 
the center of the bar (see fig. 4). This junction 
can then act as a P-N diode. The regions between 
the base contacts and the P-N junction have cer- 
tain resistivities which depend on the charge car- 
riers in these regions. These resistances are 
shown in figure 5 as R b ) and R b 2. 



Fig. 5 — Equivalent Unijunction Transistor in a Typical Circuit. 

When a voltage V bb is applied, a currentwill 
flow between base 1 and base 2. R b ) and R b 2 
then act as a voltage divider so that a fraction of 
the applied voltage, p V bb will appear across R b ). 
P is the intrinsic stand-off ratio, and is the ratio 
of R b 1 to R b ) plus R b 2 i.e. 


Li — 

n bi 

r 

Rbl + R b2 


If the emitter voltage, V e l is originally small the 
P-N diode will be reversed biased and l e will be 
nearly zero. If e is made positive, such that V e 
is larger than the voltage across R b l, the P-N 
junction will be forward biased and holes will be 
injected into the N region. This increase of hole 
density in the region from base 1 to the emitter 
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a _ _ ' disjunction transistor used 

as a relaxation oscillator. The capacitor C will 
^ h c . g * exponentially, through the charging re- 
sistor R 3 . At a certain value of V P the un/i 
tion transistor will fire and provide low resTst' 
ance discharge path for the capacitor. W hen 
Ve !S low enough (approximately 2 volts) the 
P-N junction will again become reversed' hti 

and the transistor will turn off. The cycle wm 
then repeat. During the time the capacitor i 
discharging through the transistor P cltor ls 
pulse will appear across Rj. Thus’ th/c® 

(waveform across C) and a Dulse g ® nerator 
(waveform across Rj). P generator 



In obtaining any desired output, the 
junction transistor is usually preferred ™ 
the thyratron tube. With the thy patron the 
ply voltage and grid voltage are usually hel^at 
some fixed value leaving only the charging re 
sistor and capacitor as parameters. With the 
transistor, there are three resistors and h 
capacitor that can be adjusted to give the dT 
sired output. The transistor thus or h de_ 
design flexibility. P es greater 
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VITRO OFFERS THE COLLEGE GRADUATE AN OUTSTANDING 
OPPORTUNITY TO LAUNCH HIS CAREER ON IIVLPORTANT 
PROJECTS RANGING FROM . . . 



Your first career step will be your big step up when you 
join a growth company like Vitro. Dynamic expansion 
is creating far-reaching opportunities for rapid profes- 
sional advancement, with early responsibility assuied 
by individually tailored on-the-job training programs. 

And Vitro has the projects to satisfy your urge for 
diversity. Current programs range from advanced 
missile systems to torpedo and undersea warfare, with 
a broad selection of assignments pertinent to your own 
talents and interests. 

Rewarding career appointments are available in these 
areas: Missile Systems Engineering— Polaris, Talos, 

Tartar, Terrier. Design and Development— Digital m ■' 

Equipment, ASW Equipment, Underwater Vehicles, /A TORIES 

Simulators, Torpedoes, Electro-Mechanical Launching wMMM mM 
Equipment. Analysis— Radar and Missile Systems, 


Digital and Analog Equipment, Fire Control Systems. 
Research and Development— Reliability and Feasibility 
Studies, Basic and Applied Research, Operations Re- 
search, Weapons Systems Analysis, Acoustic Studies, 
ASW Studies. 

Vitro executives will visit your campus soon to discuss 
career opportunities. See your Placement Officer now 
to arrange an interview, or write: College Relations 
Administrator, Vitro Laboratories, 14000 Georgia 
Avenue, Silver Spring, Maryland. (Residential suburb 
of Washington, D.C.) 


Division of Vitro Corporation of America • An equal opportunity employer 
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(Business Conference 
Fickle Flirts 


+ Victory over Freezing Flurries and 
= THETA TAU FRATERNITY) 


by Doug Lowe 


January 28-31, 1966 We Were There! 

We were 13, an unlucky number. The snow 
came. We were 8. Our mission was to reach 
Raleigh, N. C. in time to present a report on op- 
erations of the Washington unit (code: GAMMA 
BETA CHAPTER) Jump-off time was 1000 on 
Friday, January 28. Weather report was O.K., 
road conditions O.K., equipment O.K., Systems 
Go. (Buckled up for safety!) 


. Bruce and Norm took off down 95 in the Jag. 
Chip and Bob followed in the VW. Joe — well, 
Joe went cross-country, thinking his Falcon was 
a snowmobile. We closed formation in the first 
60 miles and pulled into checkpoint Richmond for 
some K-burgers. Contact was established with 
Raleigh to report our progress. We proceeded 
rapidly southward and split up to approach Ra- 
leigh from three directions. Actually, we zigged 
when we should have zagged. 


Following orders, we located quarters at a 
nondescript downtown inn with a heated outdoor 
swimming pool. The Jag men searched out the 
local pub and, in the best form of GWU students, 
found the longest possible way to the nearest 
restaurant. By flickering candlelight we ate the 
steak and observed the walking jail-bait. . . 
Steadfast in purpose and ever -mindful of the 
important Regional Conference to be held on 
Saturday, we returned to the inn to finish prepa- 
rations. However, all work and no play makes 
©T's dull, so some of the troops trooped out to 
be sharpened. Needless to say they were bright- 
eyed and bushy -tailed at breakfast. 

Promptly at 0900 the Conference began. 
The GWU unit joined those from Columbia Uni- 
versity (THETA), Syracuse University (TAU) and 
host, North Carolina State (RHO) in very timely 
and informative round table discussions. Unit 
operational and recruiting procedures were ex- 
amined in depth. Work proceeded well into the 
evening. Monkey business was next on the agenda 
after old and new business, so the meeting was 
recessed and resumed at a dinner and dance with 
some of those delectable Southern belles, Mech 
Misses, all. (Strictly in the line of duty, mind 
you.) Adjournment at the stroke of twelve did not 
mean the end of a hard day's night. In line for 
more duty and eager to be resharpened, some 
GAMMA BETA troops trooped again. Their de- 
votion above and beyond was amazing, and also 
noticeable early Sunday morning when they got 
up in the afternoon. 


Meanwhile, reports from D.C. told of im- 
passable roads due to the Blizzard of '66. Un- 
perturbed, the units successfully concluded the 

? j 6 u Ce * W1 r h their s P irits raised still higher 
and bid hasty farewells. GAMMA BETA headed 
north again the Jag out in front, then the VW 
then the Falcon with a different navigator this 

tT 6 ' T enSe bUt alert and da ring, we pushed on 
The miles passed quickly as day became night. 

Then - WIPEOUT! Scratch one Jag. (Ever 

wonder how it feels to tunnel into fouf feft of 
snow at 60 miles per hour after being run off th 1 

t r ,° ad - . ^ hat wasn 't bad enough; the Jag men left 
the anti -freeze in the glove compartment. 

We squeezed into the two remaining cars and 
headed out once more. At Springfield , 

Highway ended, even for the snowmobile’ S ' 7 
off into the back country, we pushed, plowed.Ond 
prayed our way into Howard's Roost ’ , 

parents were lucky: they had thHare opOOO 
tunity of providing for 8 unexpected guests w „ 
arrived hungry. No longer were we on a missS 
we were tired, cold and starved. Hot ThU J J 

coffee at one o'clock in the morning could not 
have tasted better. g could not 

Monday morning we set out to recover th» 
anti -freeze and the Jag. ©T's strnmri„ the 

4 wheel drive ! 8 8 stroa S^ recommend 

Was this whole story really a lot tn , 
nothing? No - far from it. 7 d ° about 

Books contain only a fraction of the knowledge 
needed by any student who hopes to be a succe^f 
ful engineer some time in the future. Theta Tau 
tries to impart to its members some of the 
mainder of this necessary knowledge by present' 
ing programs to develop what might be caluAk 
professional facets of the eaginier as ™ ! 

to those of a technical natur e The R e P ° S 6 1 

Conference which GAMMA BETA attend^ 10 * 1 * 1 
fun naturally, but it also had the purpose" of 
conducting a serious business. We accord u f 
a great deal and learned much, both as a gr 
and as individuals. a § rou P 

Look around School. You will 
Theta Taus. Theta Tau is definitely not an h^** 7 
society; rather, it is a professional fraternHv of 
engineering students who are trying to n^ 7 * 

themselves for satisfying, successful, and^e* 
warding careers, and lives. d 

Call 48U 1763?^ ““ “ Ve y “ "”»• on . 
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Ford Motor 

Company is: 


diversity 



Larry Moore 
B.M.E., Univ. of Kansas 


The college graduate’s initial exposure to the 
world of business is often less than exhilarating. 
The reason? A great many companies require the 
recent graduate to serve a long-term apprentice- 
ship in a role that offers little or no opportunity 
to demonstrate personal capabilities. That is not 
the way at Ford Motor Company. Our College 
Graduate Program brings you into contact with 
many phases of business, encourages self-expression 
and helps you— and us— determine where your 
greatest potential lies. An important benefit of the 
Program is getting to know and work with some 
of the most capable people in industry. One of many young men who 
believes he has gained tremendously from this exposure and experience is 
Larry Moore, a Product Design engineer. 

After receiving his B.M.E. in February, 1964, Larry joined our College 
Graduate Program and began work in brake design. Stimulating assign 
ments followed in product evaluation and disc brake development. Later 
he learned production techniques while supervising one phase of the 
Mustang assembly line operations. An assignment in our Truck Sales 
Promotion and Training Department added still another dimension to his 
experience. The “big picture’’ of product development was brought into 
focus for Larry when he became associated with Thunderbird Product 
Planning. From there he moved to the Special Vehicles Section 
the exciting world of high-performance cars! 

Currently, Larry Moore is on leave of absence, studying to acquire h' 
M.B.A. degree at Michigan State. He feels— and rightly so— that w e ’ 1S 
100 percent behind his desire to improve his educational background 6 
Young men with talent, initiative and ambition can go far with F d 
Motor Company. Think about it-and talk to our representative when 
he next visits your campus. en 



The American Road. Dearborn, Michigan 


An equal opportunity employer 




LARRY ARENDAS, SALESMAN 

C.E., ’63, Carnegie Institute of Technology 

the move 

at Bethlehem Steel 

Have you heard about all the opportunities for engineering 
and other technical graduates at Bethlehem Steel? You'll 
find a great deal more information in our booklet, Careers 
with Bethlehem Steel and the Loop Course. You can ob- 
tain a copy at your Placement Office, or drop a postcard 
to Manager of Personnel, Bethlehem Steel Corporation, 
Bethlehem, Pa. 18016. 

An equal opportunity employer in the Plans for Progress Program 


Men on 



LEE ROCKWOOD, MECHANICAL ENGINEER 

M.E., '63, University of Massachusetts 




DAVE SPARKS, ASSISTANT TO SUPERINTENDENT, COAL MINE 

Min.E., ’60, Ohio State University 


BILL EURLE, RESEARCH ENGINEER 

E.E., ’64, Massachusetts Institute of Technology 


JIM XAVIER, PRODUCTION ENGINEER 

Ch.E., ’62, Villanova University 






TECH 

NEWS 



MICROWAVE DIODES 

A tiny solid-state device that makes possible 
low-cost, lightweight microwave energy systems 
for use in communications, safety, space and 
defense applications has been developed by Syl- 
vania Electric Product Inc. 

The device , called a MOD (Microwave Oscil- 
lating Diode), shown below with a dime, will per- 
mit weight reductions of up to 98 per cent in 
microwave power sources. It also eliminates 
virtually all of the heat created inpresent micro- 
wave generators using low -power klystrons or 
magnetrons . 

The MOD is about the size of a sharpened 
point of a pencil. It is the first commercially 
available microwave semiconductor device which 
is guaranteed to provide a specified level of 
microwave power output when excited by direct 
current. 



The MOD represents a significant break- 
through that eventually will lead to the practical 
use of low-cost microwave energy in small, light- 
weight packages. Such uses could include radar 
systems to "dock" spacecraft at satellite stations; 
automobile and boat collision-control units- mis- 
sile tracking systems; TV transmission between 
orbiting spacecraft, and devices to track aircraft 
during landing approaches. 

First applications of the new diode could be 
in low-cost lightweight microwave communica- 
tions systems for use in schools or hospitals. 
The feasibility of such a system has been proven 
and a laboratory model of a microwave com- 
munications system for short-range transmission 
of TV signals has been developed. 

The equipment used to generate the micro - 
wave signal is only 1/50 the weight of present 
commercially available systems and virtually 
eliminates all of the destructive heat formerly 
associated with such equipment. 
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BATTERIES WITH TEN LIVES 

. ^ h< f nuclear fuel that heated the sodium that 
boiled the water that made the steam , 

the ^rbine that powered the generator tha^pro 
duced the power that Jack used mav havf P 
pany. University of Illinois researches in nT 
dear engineering are working on two siml 

fo ““*7 -53g 

'““d with . thin l, y f r of ,'uc‘S 

as uranium. Fission occurs in the fuel iav« u 
.. i. bombarded by .....o." ^.dloS'L”^ 
fission fragments escape the layer, cross the 
vacuum gap, and strike the other electrode W* 
each fragment is positively charged a J 
potential (sometimes as high as ^ ‘f 8 ? 

builds up between the two electrodes. This hieh- 
vo tage, low-amperage power would be useful ^ 
operating space engines, microwave rLl® f ° r 
ment, or other instruments. equip- 



Simpler in construction, the "tram™,, 
produces electric energy from samma % Cel1 
As Figure 2 shows, the cell ° n ‘ 
ray source, two metallic electrodes anrl , gamma 
rating insulator. Gamma rays emitted f ro Se ?f~ 
source scatter electrons in the - , t6d * rom the 

them to the collector electrode? which^ccum" 18 

lates a negative potential relative to the 
electrode. The emitter and collector th mi tter 

.b, elbc.rod., of a high? volt" °p'=,“ 

Neither device is likely to reDlaoe tv, ^. ppl y- 
light battery. Those who are conducting ^hl ' 

search, caution that the fission electric ceU*' 
far from perfected. Although tests have h U 18 
elsewhere, studies of this cell so far 
limited to theoretical investigations bv tt been 
plexity and expense of the eoummo be COrn ~ 
for its operation. TP nt necessary 

Because of its relatively low efficient 
power converter, this cell will probably uL** * 
as a power -salvaging shield for space react,? 86 

The most promising aspect of th; c ctors - 
of course, is that it may lead to the de J® 8earch * 
of a truly efficient nuclear -electric ener D ? l0Pment 
capable of powering electric rockets t^dfT 06 
parts of the universe, providing power f( t am 
lated or fuel-poor communities, or satisfvi 1S ?~ 
mushrooming power demands met todlv g 
diminishing supply of natural energy sources 3 
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THIN FILM MODEL 

Scientists of IBM have found that by rolling 
different sized balls into an inclined tray, they 
can duplicate what happens when atoms from hot 
metallic vapors are frozen directly onto a cold 
surface. 

The model is the first to give such complete 
insight into how different metal atoms group to- 
gether to form thin alloy films. Such films are 
fabricated for study and possible use in advanced 
electronic circuitry. Because they are made by 
depositing metals directly from a vapor, without 
going through a liquid stage, they do not follow 
the traditional rules of metallurgy. The model 
provides an excellent means of achieving a deeper 
understanding of this new area of metallurgy. 

The following conclusions can be drawn from 
the model, all of which are in qualitative agree- 
ment with observations of the behavior of thin 
films: 

1. As the rate of deposition is increased, 
the grain size decreases. 

2. Spheres of the same size produce a"crys- 
talline" structure, even for rapid deposition 
rates. Vibration "annealing" then produces con- 
siderable grain growth and elimination of imper- 
fections within the grains. 

3. Dilute "alloys" show a finer grain size in 
the as -deposited state than do the spheres of only 
one size. Furthermore, "annealing" upon vibra- 
tion is slower and less extensive for the case of 
alloys . 

4. For concentrated "alloys" composed of 
two sets of spheres differing in size by 27 per- 
cent, amorphous structures are obtained in the 




composition range 30-70 percent. Amorphous 
structures cannot be obtained at any compositions 
for alloys composed of spheres differing in size 
by less than 14 percent. 

5. When an amorphous structure is deposited, 
it generally remains amorphous after vibration 
"annealing", although an increase in density oc- 
curs. This is a consequence of the fact that the 
log jam in the structure cannot be relieved by 
vibration. 

6 . The structure obtained on a "crystalline" 
substrate depends on the rate of deposition. For 
rates below some critical value (called the epi- 
taxial rate) one obtains essentially an epitaxial 
structure, whose perfection improves on anneal- 
ing. Above this rate, one obtains a polycrystalline 
structure, which becomes better defined, but re- 
mains polycrystalline, upon annealing. This 
epitaxial rate is not sharply defined. 

7. The presence of impurities which differ 
in size from the substrate periodicity lowers the 
epitaxial rate. 


MODERN DEEP-STRENGTH 
ASPHALT-PAVED 
ROADS AND STREETS 


Stronger ... Safer ... Smoother . . . Quieter ! 


■ More economical 

■ More durable 

■ Maintenance is quicker, 
easier and costs less 


■ Faster to build 

■ No spring-thaw damage 

■ No de-icing salt damage 

■ No summer blow-ups 


The latest information about modern Asphalt pavements of in- 
terest to future Civil Engineers, including The Asphalt Insti- 
tute’s new computer-derived Thickness Design Method, is con- 
tained in an extensive portfolio now offered by The Asphalt 
Institute. To obtain this valuable free library, fill in and mail 
the coupon below today. 


THE ASPHALT INSTITUTE 

College Park, Maryland 20740 


rtir a- rs.,:i Cnnlnoarlnn ^tnHontc and Prnfp«ftr<! 



THE ASPHALT INSTITUTE, College Park, Maryland 20740 
Gentlemen: Please send me your free library on Asphalt Con- 
struction and Technology. 
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LETTERS TO THE EDITOR 



ivi is once again surprised 
tiuo letters To-The-Editor 
continues . 




T J received, 

±jet s hope this obviously cathartic trend 


% 


To the Editor: 

I enjoyed reading the thoughts of our faculty 
published in your special Engineers' Week edi- 
tion of MECHE LECIV . Those statements provide 
us all with much needed insight as to the ideals 
and objectives of our school. However, one of 
the consequences of the public expression of 
ideals is that the public naturally starts to com- 
pare the ideals with the practice. That is what 
this letter is about. 

First, I will give you my necessarily biased 
impression of the educational practice here at 
G.W., an impression which is based on seven 
years of study in the School of Engineering. (The 
Applied Science" was added when I was finishing 
up my B.S. degree.) When I have done that, I will 
be so bold as to offer suggestions both to the 
faculty and to the student for bringing the prac- 
tice more in line with the ideals. 

The major emphasis in the education proc- 
ess here is placed on the successful completion 
of an uncoordinated series of lecture courses, 
the content of which can often be picked up in 
perhaps 20 or 30 hours of intensive "cramming" 
just before the final exam. In his courses, the 
student is given only a minimum amount of lab- 
oratory and library research work. The labo- 
ratory work that isrequiredis usually rushed and 
thus tends to be superficial. The occasional 
research paper which the student must complete 
just before finals is rarely thoughtfully criticized 
and returned by the instructor. In too many 
courses, professors attempt to teach too much 
technical information in too little depth . 

The result of this type of education is pain- 
fully evident. First, only a tiny fraction of the 
information presented in the lecture courses is 
remembered by the student simply because he 
has little time to "inwardly digest" all that he is 
taught. That is, he cannot integrate the content 
of current courses with past courses; he cannot 
separate the important concepts from the less 
important; he cannot, as Professor Arkilic says, 
"comprehend the significance" of what he is 
taught because he is swamped with so-called 
"fundamental knowledge." 

Secondly, the type of work which the student 
is assigned results in o nly superficial under - 
standing and thinking . In fact, I sometimes feel 
that the student is not expected to think at all; he 
is expected only to "learn." Is our school really 
a place "for experiencing adventures of the mind 
and of the hands; for the formulation, exchange, 
and exploration of ideas" as the 1966-67 Bulletin 
so proudly says on page 13. Is the student "led 
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to strengthen his skills in analysis and his talent 
for creative activity, through liberal ust^ 3 
project-type laboratory work?" I s it true that 
independent thought and original ideas receive 
higher evaluation, in the appraisal of student 
achievements, than the rote recital • f tudent 

Bu£k”S.° f 

"o ! answer "> lh «*' questions i, emphatically 

Finally, the ideal of "a lifetime 
was stressed in MECHELECIV * 1 s special f 
both by Professor Arkilic and' by Professor 
Robmson. However, the University could verv 
well be discouraging lifetime study by uncons ci 
ously associating education with "taking courses " 
by constantly treating the student as if he we re 

^^ e S r .X^° Wladg * ^ 

certainly don't mind beingTo’ld ^o 1 ifT 1 

then there must be better wav k A right> 
School's profs.s.C obSc«vo,* y * M y o^T.c„T 
mendations for increasing the educational f™" 
cle ncy of the School of EngineeHilf^^lM^ 
Science are as follows: nglneerln S and Applied 

head 1 ' ° f Alfred North White- 

neaa — 1 he students are alive ar.H 

of education is to stimulate and’ guide Uieir 333 

development." His whole book! The 13' 

" 1S a P rotes t against deiBkS^I^dif - 
that is to say, against inert ideas." g ’ 

2. Let each instructor clearlv • 

cific detail all important ~5bji3rvFs~of n 33 
course and its relationship to other h 

This would help students so much in under 3313 ' 
mg and remembering what they are taught 



An Engineering Education? 

THE MECHELECIV 


3. Make greater use of the "course syllabus" 
and the "reading list" to guide the student's in- 
dependent study both before and after graduation. 

4. Dispense with mandatory class attendance, 
and allow for individual differences in the way 
each student best learns. Grade students on how 
well, rather than how , they master course ob- 
jectives. 

5. Emphasize the importance of thorough 
work and clear analytical thinking by a few well- 
chosen and well-graded engineering reports re- 
quiring both laboratory and library research, 
extending over at least a two semester period. 
Have those reports rewritten until minimum 
standards of good writing and clear thinking are 
met. 

6. More clearly state in writing the mini- 
mum skills and knowledge required for gradua- 
tion. Then let the faculty spend more time and 
effort in designing effective comprehensive ex- 
aminations and study outlines to insure that those 
requirements are met. 

Now my recommendations to the student are 
simple. NEVER LET THE UNIVERSITY INTER- 
FERE WITH YOUR EDUCATION. Take to heart 
the words of Dean Mason who in his letter to 
MECHELECIV said: "If I had it to do over -- I'd 
be a different student than I was. I'd search 
diligently for ways to find out more . . . than I 
did. I'm sure I would rebel against the profes- 


sor who repeated the text in class, or who con- 
sidered my assumed brains to be a sponge, or 
who didn't make me think .... or who didn't 
treat me as responsibly as he demanded I treat 
him. (Incidently I know now the secret way to 
rebel — I'd quietly learn more on my own about 
the subject than I knew and then start a discus- 
sion in class.)" 

In one way or another, let's make sure we 
get the education we are paying so much for ! 

/s/ Jerry L. Edwards 


Dear Editor: 

Judy's article, "You Have Got To Be Kid- 
ding" in many ways described a situation very 
similar to my own. I guess all girl engineering 
students are asked the very same questions over 
and over again. However , Judy ' s statement, One 
such [aspect of engineering] is my being the only 
girl in my classes since my sophomore year (en- 
gineering classes, that is)" is not quite true. If 
Ap.S. 5 can be considered an engineering course, 
as I believe it can, then Judy should glance around 
the room someday and notice that she is not the 
only girl. 

/ s / Karen Spindel 



. a protest against dead knowledge 


Dear Karen: 


It is gratifying to have our glances filled 
•with something besides an equation now and 


then . Keep up the good xuork and if you need any 
help matriculating , don't hesitate to contact . . . . 

the editor 
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A MODERN VIEW OF THERMODYNAMICS-Continued from page 18 


we have the necessary experimental data. This 
data is a set of activity functions: 


a* V- -,C.) . 


one for each element and one for each phase. 
Three of the most important methods of obtain- 
ing this data will now be outlined. These and 
other methods are discussed in the book by Hult- 
^-1 14], which is also probably the best 
compilation of thermodynamic data on metals and 
alloys to date. 


A. E.M.F. MEASUREMENTS 

If a suitable electrolytic cell can be con- 
structed, then ai can be determined from 

A -A = KTJU a 8 , 

where £b is the voltage between an electrode 
composed of pure B and one composed of the 
alloy Ai- x B x . atB can be determined as a func- 
tion of temperature if £b is so measured. The 
E.M.F. technique is, however, normally useful at 
relatively low temperatures. Also the cell must 
be a reversible one, and this usually is quite a 
problem. 


inese results are combined to find 

AG ^ AM -TA5 

from which AGEX and the activit functions 
found by the methods described previously. 

In summary, we have shown how phase equi- 
librium problems can be solved using activky 

O^e ’ * SSumin 8 such d ata is available^. 

One of the applications of this data is the con- 
struction of phase equilibrium diagrams, wMch 
otherwise can only be constructed using the 
methods of thermal analysis. These min5 
often tend to result in incorrect diagrams because 

insXiLfdata 0 . ^ - COOli “*’ segregation, and 

F ° r by including 

the area in the free energy function, equation (9) 

we can solve such problems as the equilibrium 
grain size m alloys. This problem isd^scus se “ 
by Swalin in his book [6]. As another example 
by inciuding the components of the strain tensor 

in the free energy function, we might be able t n 
better understand such things as the martinsite 

been™.. 


B- VAPOR PRESSURE MEASUREMENTS 

If one of the components is relatively vola- 
tile, then measurement of the equilibrium vapor 
pressures. Pi and Pi°, give the activity directly. 

<2; = VP/ 

However, measurement of such very low vapor 
pressures is very difficult. Methods using radio- 
active tracers, briefly described by Leymonie 
[5], appear promising in this regard. 

C. CALORIMETRIC MEASUREMENTS 

As mentioned before AG for the formation of 
a solution can be measured. It must be done in 
two steps. First, AH data must be obtained by 
the use of a solution calorimeter. Then, AS is 
determined by heat capacity measurements. 
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We’re sending some of our representatives back to school 

They won’t be matriculating but The NASA Gemini has set new re- 

they’ll be studying ways to have cords in space, laying the ground- 

some lengthy talks with you. work for exploration of the moon and 

Their assignment is to search out it is being readied for new assign- 

graduates who have the talent and ments with the Air Force, 

imagination to handle sophisticated If these projects strike sparks with 

assignments and the determination your imagination you’re in good 

to do a job better than most. company. . . the top scientific and en- 

The vitality of McDonnell is ap- gineering talents in the nation, 

parent by the headline-making For more information see your 

strides it has taken in spacecraft, air- College Placement Office or send 

cruft, electronics diid dulumdliun. coupon. 

MCDONNELL, P.O. Box 516, 

St. Louis, Missouri 63166 

Att: W. R. Wardle, Professional 

Employment Office. Dept. 





MCDONNELL 

A PLANS FOR PROGRESS COMPANY AND 

AN EQUAL OPPORTUNITY EMPLOYER 




Scene: A field hospital in Viet 
Nam. A correspondent is talking 
to a soldier bandaged from head 
to foot. The correspondent eager 
for the gruesome details asked 
for the soldier's story. 

"It's a long story," said the 
soldier. "When I first got here I 
was told how to recognize friend 
from foe. I was told when I came 
upon a man to yell 'Ho Chi Minh 
is a rat!' and if he smiles, he's 
a friend and if he gets angry he's 
a foe, and I was to shoot him. 
Well, I was here for about six 
months and then as I was walking 
along this jungle road, I saw a 
man. With my gun at the ready, 
I yelled, 'Ho Chi Minh is a rat. 1 
But he did not smile or get angry. 
Instead, he cupped his hands and 
yelled 'Lyndon Johnson is a fink.' 
And as we were shaking hands in 
the middle of the road, a truck 
ran over me." 

* * * 

We'd have less trouble in this 
country if the Indians had had 
stricter immigration laws. 

=S= * * 

A drunk was doing his best to 
spear an olive with a toothpick. 
Time after time the olive eluded 
him. Finally a man nearby be- 
came annoyed, took a toothpick 
and said, "This is the way to do 
it," and speared the olive on the 
first try. 

"Sure, sure," replied the 
drunk, "after I got him so tired 
he couldn't get away." 

* * * 

M.E.: I think she's priceless. 

E.E.: I know she is. 

* * * 

The inebriated uni ver sity pro- 
fessor staggered into the bar and 
asked the bartender for a dry 
martinus . 

"Beg your pardon, sir," the 
bartender replied, "but do you 
mean a martini?" 

"Now see here, my good man," 
exclaimed the 90 -proof prof. "If 
I want two. I'll ask for them." 


The young kindergarten teach- 
er had just instructed her charges 
to come forward as their names 
were called and be prepared to 
draw something on the blackboard 
that had been the cause of excite- 
ment in their homes during the 
previous week. One by one the 

pupils came forward and sketched 

such items as report cards, tele- 
vision sets, mothers' new hats, 
and the like. When it came time 
for Johnny, the class cutup, to 
comply with the assignment, 
however, he walked to the board 
and simply made two white chalk 
dots before returning to his seat. 
Suspecting that he was up to one 
of his usual pranks, the teacher 
advised Johnny that he had better 
be able to explain why those two 
dots were exciting if he didn't 
want to be kept after school. 

"Well," said Johnny, "the 
other day you told us that those 
dots are also called periods — " 

"That's correct, the teacher 
interrupted. "But what could 
possibly be exciting about two 
periods ? " 

^ "Beats me," replied Johnny, 
"But that's how many my sister 
inhigh school says she's missed, 
and they're causing an awful lot 
of excitement around our house!" 

* * * 

Tell me, Tommy," the elderly 
schoolmarm inquired of one of 
her fifth-grade students, "if you 
started with twenty dollars and 
gave seven of them to Nancy, 
five to Mary and eight to Judy, 
what would you then have?" 

"A ball!" answered Tommy. 

* * * 

Possibly man could live twice 
as long if he didn't spend the 
first half acquiring habits that 
shortened the other half. 

* * * 

Federal aid is like giving 
yourself a blood transfusion in 
your left arm, drawing from your 
right arm and spilling 90 per 
cent of it on the way across. 


. — 1 some sort 

wh^ el K gl °ir“ a u l6aSt the V know 
which church they're staying 
away from. * ° 

* * * 

Then there was the M.E. who 
thought that steel wool was the 
fleece from a hydraulic ram. 

* * * 

During an out-of-town busi- 

ofcked triP ' th , C YOUng execu tive 
picked up a lovely creature in 

the hotel bar and took her up to 
his room for a nightcap. After 
a few drinks, the girl sat on his 
lap and cooed, "Would you like 
to hug me?" 

"Sure," saitj the business- 
man pressing her close to him. 

mp? ^ n l WOUld y° u like ^ kiss 
me. the girl whispered pas- 
sionately. pas 

ino", 0 ! 00 ^ 86 ’" he re P lie d. plant - 
g "O K gb r S ° aherinviti nglips. 
" Bra °; ° ney , ' She ^ntinued. 

race your self —because here 
comes the fifty -dollar question'* 

# # S{C 

Two Indian scouts watched 
silently from their place of con- 
cealment behind some shrubbery 
as the first white settlers set 
foot on the North American con- 
tinent. After solemnly survey- 
ing the scene for several min 
utes, the one Indian turned to Ihe 
other and said, "Well, there goes 
the neighborhood." B s 

* * * 

The human tongue seems to 

TJT 1 bt * in in 

* * * 

A young lady after a broken 
engagement returned all the gent's 

* * * 

Love is like a fried egg 
Looks pretty at first, but f®e 
moment you take a stab at it it 
becomes a big mess. * u 

* * * 

• P ercenta ge of alcoholics 

in the United States is staggering! 
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Kodak 

wants two kinds of mechanical engineers 


1. burning with ambition to reach manager’s status 
as soon as possible 



• College grade-point average on the high side in 
technical subjects 

Secretly admitted to self at certain point in undergraduate career 
that the scholar’s way of life is for other people but smart enough 
to have kept secret from the professors who are, after all, scholars. 
Diploma in, secret out. 

• Seeks prosperous, highly diversified employer 

Competitive personality who wants to play on a strong, long- 
lasting team in the big leagues. 

• Unafraid of choices and changes 

With a mechanical engineering background, we might find him 
adept at keeping a troupe of welders happy on a new petro- 
chemical project, or designing a new type of machine for the 
lithographic industry, or organizing a small laser-manufacturing 
department, or operating a large magnetic tape plant, or profit- 
ably piloting one of the world's major industrial corporations. 


2. able to hold a manager’s job in time but sure he 
wouldn't like it 



• College grade- point average on the high side in 
technical subjects 

Why not? The subjects were intrinsically interesting, and most 
of the professors proved to have a clear understanding of them. 

. Seeks prosperous, highly diversified employer 

To practice modern mechanical engineering— this is not 1936— 
one needs scope, contacts, and resources. 

• Unafraid of choices and changes 

With a mechanical engineering background, he might choose to 
take a high leap over the interdisciplinary wall into solid state 
physics, pull some excessively generalized equations out of a 
journal that others on the circulation list quickly glance at and 
pass along. Six months later he may have a new composition of 
matter on board a ship bucking the solar wind to Mars. 


What is said here about mechanical engineers is equally applicable to chemical 
engineers and electrical engineers. Our expansion rate now demands technical 
people who, at the one extreme, arc still fresh from the classroom with its 
benefits and, at the other, have had ten years of practice in their professions and 
are now ready to select a lifetime employer. We offer a choice of three communi- 
ties: Rochester, N. Y„ Kingsport, Tenn., and Longview, Tex. We earnestly 
solicit serious and honest self-descriptions addressed to: 

EASTMAN KODAK COMPANY 

Business and Technical Personnel Department/Rochester, N. Y. 14650 

An equal-opportunity employer. 



PERIODICAL ROOM 

GEORGE WASHINGTON UNIVERSITY 

WASHINGTON 6, D.C. 


The Library of 

The Georp Washington Haiti 
Washington, D. C. 




JACK WADDEY, Auburn U., 1965, translates 
customer requirements into aircraft elec- 
trical systems on a Technical Marketing 
Program assignment at Specialty Control Dept. 



PAUL HENRY is assigned to design and analysis 
of compressor components for G.E.’s Large 
Jet Engine Dept. He holds a BSME from the 
University of Cincinnati, 1964. 



acturing Training Program, works on fabrics 
Jons for large jet engines at LJED, Evendale, 


A PREVIEW OF YOUR CAREER AT GENERAL ELECTRIC 

Achieving Thrust for Mach 3 


When the North American Aviation XB-70 established a mile- 
stone by achieving Mach 3 flight, it was powered by six 
General Electric J93 jet engines. That flight was the high 
point of two decades of G-E leadership in jet power that 
began when America’s first jet plane was flown in 1942. In 
addition to the 30,000-pound thrust J93’s, the XB-70 carries a 
unique, 240-kva electrical system that supplies all on-board 
power needs— designed by G-E engineers. The challenge of 
advanced flight propulsion promises even more opportunity 
at G.E. GETF39 engines will help the new USAF C-5A fly more 
payload than any other aircraft in the world; the Mach 3 
GE4/J5 is designed to deliver 50,000-pound thrust for a U S 
Supersonic Transport (SST). General Electric’s involvement 


made us one of the world’s leading suppliers "oTthes 8 ^ h£ 
movers. This is typical of the fast-paced echnica^ .If 
you’ll find in any of G.E.’s 120 decentralized proton"* 
Rons. To define your career interest at General Fif P t 
talk with your placement officer, or write us n«f! o ctr " 

plo'yer’. Schmec ^' N ’ Y ’ 12305 ' A " Equal Opportunity^ 


^ogress Is Our Most Important Product 


GENERAL ® ELECTRIC 


